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PREFACE. 


Kx  - 

Thjs  book  is  intended  as  a guide  to  the  study  of 
chemical  science  for  the  use  of  students  of  medicine. 
Xow  that  Chemistry,  and  especially  Organic  Chemistry, 
has  become  so  vast  a science,  the  student  of  medicine 
is,  on  the  one  hand,  apt  to  find  himself  out  of  his 
depth  in  attempting  the  perusal  of  the  larger  hand- 
books on  the  subject ; and,  on  the  other  hand,  with 
many  of  the  smaller  works,  excellent  in  their  way, 
he  is  hampered  by  omission  of  matter  essential  to  the 
successful  after-study  and  practice  of  medicine.  This 
book  has  therefore  been  written  to  bring  together  in 
a concise  form  those  portions  of  chemical  science  that 
directly  or  indirectly  bear  on  the  study  and  practice 
of  medicine. 

To.  gauge  correctly  the  wants  of  the  student  of 
medicine,  and  to  appreciate  rightly  the  position  that 
must  be  assigned  to  the  study  of  Chemistry  amongst 
his  multifarious  work,  can,  in  my  opinion,  be  best 
done  by  one  who  has  himself  been  through  the  courses 
of  study  and  work  required  for  qualifying  in  medicine. 

I have  therefore  undertaken  the  task  of  writing  this 
book  in  the  hope  that  it  may  supply  a long-felt  want, 
and  that  it  may  assist  the  student  in  acquiring  a 
sound  knowledge  of  the  fundamental  principles  of 
Chemistry. 


31,  Weymouth  Street,  W. 


A.  P.  L. 


PREFACE  TO  REVISED  EDITION. 


*o« 

Having  used  this  Manual  as  a text-book  in  my 
Conjoint  classes  at  the  London  Hospital  for  some 
years,  it  was  with  much  pleasure  that  I undertook 
the  task  of  revising  the  work,  and  incorporating  in 
it  such  new  facts  and  methods  as  the  ever-increasing 
progress  of  the  science  had  rendered  necessary. 

I have  adhered,  as  far  as  possible,  to  the  original 
arrangement  of  the  book.  The  metals,  however,  are 
discussed  in  the  groups  into  which  they  fall  in  the 
Newlands  and  Mendeljeeff  classification.  Much  of 
the  organic  part  has  been  re-written,  and  short 
accounts  of  the  vapour-density  apparatus  of  Victor 
Meyer  and  of  Beckmann’s  method  of  determining  the 
depression  of  the  freezing  point  and  their  use  in 
fixing  molecular  weights,  have  been  inserted.  I have 
given  brief  notes  on  some  of  the  results  of  Fischer’s 
work  on  the  sugars  and  on  the  composition  of  some 
of  the  complex  synthetic  substances  now  used  in 
medicine. 

In  the  practical  part  will  be  found  the  tables 
which  have  been  in  use  in  this  laboratory  for  some 
time,  together  with  some  notes  on  the  typical  salts, 
whose  preparation  is  required  at  the  Conjoint  ex- 
amination. 

Temperatures  throughout  the  work  are  given  in 
the  centigrade  scale. 

F.  J.  M.  P. 

Chemical  Laboratory , 

London  Hospital  Medical  College, 

Turner  Street , E.  Jan.,  1900. 
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part  5. 

INTRODUCTION  TO  THE  STUDY  OF 

CHEMISTRY. 


CHAPTER  I. 

Matter  Solids  Liquids  Gases — Latent  Heat — Mixtures  and 
Chemical  Compounds— Chemical  Attraction— Heat  produced 
by  Chemical  Action. 

Matter. — In  order  to  commence  the  study  of 
Chemistry  clearly  and  definitely,  it  is  absolutely  neces- 
sary that  the  student  should  understand  what  matter 
is,  the  different  forms  in  which  it  exists,  and  the  laws  x 
which  cause  the  existence  of  these  different  forms  of 
matter. 

The  three  forms  of  matter — Matter  is  that 
which  is  evident  to  the  senses,  and  it  "exists  m three 
roi  ms  . viz.  the  soltd}  1'iqu'id,  and  gaseous.  A_nv  one 
of  these  forms  of  matter  can  be  converted  into  either 
of  the  other  two  ; thus,  by  melting  solid  ice  it  becomes 
liquid  water,  and  by  boiling  the  liquid  water  gaseous 
steam  is  produced.  The  particles  of  all  bodies  are 
under  the  influence  of  two  forces  : one  a force  of  ( * 
attraction  (otherwise  known  as  cohesion)  and  the 
other  a force  of  repulsion  (which,  as  will  be  pre-  • 
sently  explained,  is  closely  connected  with  latent 
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heat)  ; and  according  to  the  distribution  of  these 
\ forces  of  attraction  and  repulsion  the  different  forms 
of  matter  result.  If  one  of  the  forces  is  in  excess  of 
the'  other,  one  of  the  two  extreme  forms  of  matter 

I (the  solid  or  the  gaseous)  results;  if  the  two  forces 
are  equally  balanced,  then  the  intermediate  form  of 
matter  (the  liquid)  is  the  result. 

Thus  in  all  solids  the  force  of  attraction  of  the 
particles  for  one  another  is  greater  than  the  force  of 
repulsion.  The  peculiarity  of  the  solid  form  of  matter 
is  that  the  relative  positions  of  its  particles  cannot  be 
changed  without  the  expenditure  of  more  or  less 
force°;  solids  therefore  tend  to  retain  whatever  form 
they  may  happen  to  possess. 

In  liquids  the  forces  of  attraction  and  repulsion 
of  the  particles  are  equally  balanced.  The  distinctive 
peculiarity  of  the  liquid  state  is  that  the  particles 
readily  glide  over  one  another,  and  assume  the  shape 
of  the  .vessel  containing  the  liquid. 

In  gases  the  force  of  repulsion  exercised  by  the 
particles  is  considerably  greater  than  the  force  of 
attraction.  The  distinctive  character  of  the  gaseous 
state  is  that  the  particles  are  continually  undergoing 
a struggle  to  occupy  a larger  space.  It  will  now  be 
easy  for  the  student  to  understand  why  a gas  can  be 
compressed  by  additional  pressure  and  expanded  by 
partial  removal  of  pressure  : the  compression  of  a gas 
being  brought  about  by  the  mechanical  force  employed 
overcoming  the  repulsive  force  of  its  particles ; and 
the  expansion  of  a gas  being  caused  by  the  repulsive 
force  of  the  particles  for  one  another  coming  into 
play,  when  the  pressure  is  removed. 

It  must  not  be  supposed  that  the  particles  of  any 
one  of  these  forms  of  matter  are  in  absolute  contact 
with  one  another,  although  such  is  a common  opinion 
witli  regard  to  solids  and  liquids.  That  solids  are  in 
I reality  porous,  that  the  particles  are  not  absolutely 
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close  together,  is  proved  by  hammering  or  powerfully 
pressing  them,  when  they  will  be  found  to  occupy  a 
smaller  bulk  than  they  did  previous  to  being  sub- 
mitted to  pressure ; and  again  is  proved  by  what  is 
technically  called  the  “ sweating of  iron  in  the 
Bramah  hydraulic  press,  where  water  under  powerful 
pressure  actually  is  forced  through  the  pores  of  a 
stout  iron  cylinder,  although  to  the  eye  the  iron 
appears  perfectly  compact  and  homogeneous.  That 
hquids  have  spaces  between  their  particles  is  best 
Proyed  V mixing  certain  liquids  together,  when  a 
contraction  in  bulk  takes  place.  If  alcohol  and 
water  be  mixed  together,  a diminution  in  volume 
occurs,  the  particles  getting  closer  together  than  they 
formerly  were,  due  to  a molecular  combination  of  the 
alcohol  with  the  water ; thus,  in  making  proof  spirit, 
100  fluid  ounces  of  rectified  spirit  are  mixed  with 
60  fluid  ounces  of  water,  yet  only  156  fluid  ounces 
of  proof  spirit  result,  a contraction  of  about  'per 
cent,  having  taken  place.  V 2 * 

The  student  having  now  become  acquainted  with 
the  different  forms  of  matter,  the  next  thing  for  him 
to  understand  is  how  and  under  what  conditions  any 
one  form  of  matter  is  capable  of  being  converted  into 
another.  Heat  is  the  agent  necessary  for  the  trans- 
formation of  one  form  of  matter  into  another,  and  it 
is  the  addition  or  abstraction  of  heat  that  brings 
about  the  change  of  state  in  any  form  of  matter.  If 
a piece  of  roll  sulphur  (representing  the  solid  form  of 
matter)  be  heated  in  a test-tube  or  flask,  it  will  first 
melt  to  a yellow  fluid  (representing  the  liquid  form 
of  matter),  and  this  on  further  heating  will  boil  away 
forming  a heavy  vapour  of  a reddish-brown  colour 
(representing  the  gaseous  form  of  matter);  heat  is 
therefore  the  agent  that  has  converted  the  solid  into 
a liquid,  and  the  liquid  into  a gas  or  vapour.  Now 
it  part  of  the  heat  be  abstracted  from  the  sulphur 
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vapour,  this  will  condense  to  a syrupy  fluid  ; and  this 
fluid  on  further  cooling  (that  is.  on  further  abstraction 
of  heat)  will  solidify  to  a mass  of  solid  sulphur. 
From  these  simple  experiments  the  following  general 
law  can  be  deduced  : — 

< Either  the  addition  or  abstraction  ol 

) heat  is  necessary  for  the  conversion  of  any 
one  form  of  matter  into  another  form. 

latent  heat.- — The  heat  which  is  stored  up  in 
liquids  and  gases,  and  which  prevents  their  change  of 
state,  is  called  latent  heat.  Latent  or  hidden  heat  is 
that  heat  which  cannot  be  detected  by  the  ther- 
mometer, which  is  doing  other  work  than  that  of 
making  itself  sensible  to  the  thermometer  : viz.  pre- 
venting the  change  of  state  of  the  body  in  which  it  is 
stored  up.  Thus,  on  applying  heat  to  the  piece  of 
roll  sulphur,  a quantity  of  the  heat  is  rendered  latent 
and  converted  into  energy,  which  keeps  the  sulphur 
in  the  liquid  form  ; on  the  further  application  of  heat 
to  the  melted  sulphur  until  it  boils,  more  heat  is  ren- 
dered latent,  in  order  to  convert  the  liquid  sulphur 
into  the  gaseous  or  vaporous  form.  To  condense  the 
sulphur  vapour  to  a liquid,  part  of  the  latent  heat 
must  be  abstracted  by  bringing  the  vapour  into 
contact  with  some  cool  substance,  which  withdraws 
some  of  the  latent  heat  by  transforming  it  into 
sensible  heat ; the  sulphur  vapour,  having  now  lost 
the  force  or  energy  which  kept  it  in  the  gaseous  form, 
condenses  to  a liquid  j it  the  latent  heat  of  this  liquid 
be  in  its  turn  abstracted  by  further  cooling,  the 

melted  sulphur  will  solidify. 

The  subject  of  latent  heat  will  be  rendered  more 
intelligible  by  quoting  an  example  : the  conversion  of 
j ice  into  water  will  be  taken.  If  one  pound  of  ice 
I at  0°  C.  be  mixed  with  one  pound  of  water  at 
[ 790  C.,  two  pounds  of  water  at  0°  C.  will  be  the 
i Result.  In  this  case  the  heat  which  had  raised  one 
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pound  of  water  through  79°  C.  has  disappeared,  / 
but  it  is  not  lost ; it  has  converted  the  pound  of  ice 
into  a pound  of  water,  and  in  doing  so  the  heat  has 
been  rendered  latent  by  the  melting  ice  ; it  has  not 
raised  the  temperature  of  the  ice,  but  has  changed  it  ) 
from  the  solid  to  the  liquid  state ; if  the  water  be  j 
frozen,  this  latent  heat  would  be  transformed  into,  I 
and  given  forth  in  the  form  of,  sensible  heat.  \ 

Mixtures  ami  cSiemicaB  compounds.— Be- 
fore treating  of  the  force  known  as  chemical  attraction, 
or  chemical  affinity,  as  it  is  sometimes  termed,  it  will 
be  well  for  the  student  to  clearly  understand  the 
difference  between  a mixture  of  substances  and  a 
chemical  compound.  ^A  mixture  possesses  all  the  { 
properties  of  its  ingredients,  <mcl  these  ingredients 
can  be  mixed  in  any  proportions.  A chemical 
compound  possesses  entirely  different  properties  to  I 
those  of  its  ingredients,  and  the  proportion  of  each  1 
of  its  constituents  is  fixed  and  invariable.  A very 
good  example,  illustrative  of  these  two  definitions,  is 
furnished  by  a mixture  of  iron  and  sulphur,  and  by 
sulphide  of  iron,  a chemical  compound  of  iron  and 
sulphur.  If  iron  filings  and  powdered  sulphur  be 
rubbed  together,  it  will  be  found  that  the  mixture 
possesses  all  the  properties  of  its  constituents  un- 
altered; for  with  a magnet  the  iron  filings  can  be 
picked  out  and  the  sulphur  left ; or,  by  treating  the 
mixture  with  a liquid  called  bisulphide  of  carbon,  the 
sulphur  can  be  dissolved  out  and  the  iron  filings  left ; 
on  evaporating  the  bisulphide  of  carbon  solution,  the 
sulphur  will  be  left.  But  if  the  iron  filings  and 
sulphur  be  heated  in  a crucible,  chemical  combination 
takes  place,  and  a black  mass  of  sulphide  of  iron  is 
formed,  which  chemical  compound  possesses  entirely 
different  properties  to  those  of  its  constituents.  A 
magnet  is  now  incapable  of  abstracting  the  iron  from 
it;  bisulphide  of  carbon  will  not  dissolve  out  the,  * 
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sulphur  from  it ; on  treating  it  with  dilute  sulphuric 
acid,  a gas,  called  sulphuretted  hydrogen,  possessing 
an  offensive  odour,  is  evolved ; neither  iron  nor  sul- 
phur possesses  the  property  alone  of  evolving  this  gas 
when  treated  with  dilute  sulphuric  acid.  As  may  be 
readily  comprehended,  a mixture  of  iron  filings  and 
sulphur  could  be  made  with  any  proportions  of  the 
constituents,  whereas  the  chemical  compound  sulphide 
of  iron  requires  the  constituents  to  be  present  in  the 
fixed  proportions  of  56  parts  by  weight  of  iron  to  32 
parts  by  weight  of  sulphur.  (The  student  will  shortly 
learn  that  these  are  the  atomic  weights  of  iron  and 
sulphur.)  If  different  proportions  to  these  are  used, 
then  a mixture  of  sulphide  of  iron  with  excess  of 
either  iron  or  sulphur  will  be  the  result,  accordingly 
as  excess  of  iron  or  sulphur  has  been  used. 

Characters  of  chemical  attraction. — It  is 
necessary  that  the  student  should  pay  great  attention 
, to  the  peculiar  characters  by  which  the  force  of 
chemical  attraction  may  be  recognised,  for  it  is  by 
means  of  this  force  that  the  comparatively  few  ele- 
mentary bodies  arrange  themselves  into  the  number- 
less compounds  of  which  the  animal,  vegetable,  and 
mineral  kingdoms  are  composed. 

Chemical  attraction  is  an  extremely  powerful 
force;  which  acts  only  on  the  smallest  particles  of 
Tnatter,  and  between  inappreciable  distances,  and,  as  ^ 
a rule,  one  at  least  of  the  substances  must  be  a liquid' 
or  a gas.  An  example  of  the  last-mentioned  fact  is 
'obtained,  by  powdering  and  rubbing  together  in  a 
mortar  tartaric  acid  and  carbonate  of  soda ; no 
change  whatever  occurs ; but  if  water  be  now  added 
to  the  mixture  in  the  mortar,  the  two  substances 
will  dissolve,  and  in  the  dissolved  state  will  come 
sufficiently  close  to  one  another  to  react,  chemical 
action  being  manifested  by  the  effervescence  that 
takes  place,  due  to  the  tartaric  acid  acting  on  the  «: 
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carbonate  of  soda,  forming  tartrate  of  soda,  and 


liberating  carbonic  acid  gas. 


Chemical  attraction  exists  ^between  the  particles  ^ 
of  dissimilar  kinds  of  matter,  and  thp  fp0"1*  ^ 
chemical  combination  is  an  entire  chan ge  of  properties 
m tire  compound  produced.  For  instance  : a piece  of 
iron  shows  no  desire  to  chemically  unite  with  another 
piece  of  iron  ; but  if  the  iron  be  heated  with  a dis-| 
similar  substance,  as  sulphur,  chemical  combination 
then  takes  place,  and  a new  body — sulphide  of  iron — 
is  formed,  which  possesses  entirely  different  properties 
to  those  of  its  constituents,  as  has  been  previously 
explained. 

A most  important  phenomenon,  which  is  always 
the  result  of  chemical  combination,  is  the  production 
of  heatr  It  must  be  carefully  borne  in  mind  that 
whenever  '’cJwnncal  combination  takes  place  heat  is 
produced''  or  absorbed : when  heat  is  evolved  the 
\ compound  is  called  an  exothermic  body ; if  heat  is 
absorbed  an  endothermic  substance  is  produced.  The 
following  are  a few  examples  of  heat  produced  by 
.chemical  action  : — 

If  a piece  of  the  metal  pptassium  be  thrown  upon 
water,  the  potassium  decomposes  the  water,  form- 
ing hydrate  of  potassium,  and  evolving  part  of  the 
hydrogen  of  the  water  ; the  heat  produced  by  this 
chemical  action  is  sufficient  to  set  fire  to  the  escaping 
hydrogen,  which  burns  with  a violet-coloured  flame 

V(tke  colour  being  due  to  a trace  of  potassium  volatil- 
ised by  the  heat).  If  a small  piece  of  dry  phosphorus 
be  placed  on  a fragment  of  iodine,  the  two  substances 
will  immediately  commence  to  combine  and  form 
iodide  of  phosphorus,  and  the  heat,  produced  by  this 
chemical  combination,  ignites  that  portion  of  the 
phosphorus  which  has  not  already  united  with  the 
iodine.  The  lime-light  affords  another  good  illus- 
tration of  heat  produced  by  chemical  action ; to 
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produce  the  light,  the  oxy-hydrogen  flame  is  made  to 
impinge  on  a piece  of  lime ; the  oxygen  and  hydrogen 
in  combining  chemically  with  each  other  produce  an 
intense  heat,  and  this  raises  the  particles  of  the  lime, 
upon  which  the  flame  impinges,  to  a white  heat ; the 
particles  of  lime,  glowing  at  this  white  heat,  emit  the 
dazzling  light. 

Another,  and  a still  more  common,  example  of  heat 
produced  by  chemical  actibn  is  that  derived  from  the 
burning  of  coals  in  our  fire-grates ; in  this  case  the 
constituents  of  the  coal  combine  chemically  with  the 
oxygen  of  the  air,  the  heat  resulting  from  this  chem- 
ical action  causes  the  coals  to  glow,  and  inflames  the 
gases  escaping  from  the  burning  coal.  In  fact,  in 
most  cases  where  heat  is  obtained  artificially,  it  is  the 
result  of  chemical  action. 

One  last  important  example  of  heat  produced 
by  chemical  action  is  that  of  lipyf,,  or  the 

heat  which  maintains  the  temperature  of  the  living 
body;  the  oxygen  of  the  air  that  we  inhale  is 
absorbed  by  the  blood  circulating  through  the  lungs, 
and  is  then  conveyed  in  the  blood  to  the  various 
tissues  of  the  body,  where  the  carbon  and  hydrogen  of 
the  tissues  become  oxidised,  or  burnt,  hy  this  oxygen 
to  carbonic  acid  gas  and  water  respectively,  and  it  is 
the  heat  produced  by  this  chemical  action — by  this 
oxidation— which  serves  to  maintain  the  temperature 
of  the  animal  body. 

As  examples  of  endothermic  substances  the 
following  may  be  quoted : Peroxide  of  hydrogen, 
hydrogen  iodide,  nitrons  oxicTp,  pm  AfTxfremely 
low  temperatures  (—180°)  chemical  action  seems 
almost  to  cease. 
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CHAPTER  II. 

Elements  Metals  Non-metals  — Symbols  — Atomic  Theory  — 
Atoms  — Molecules  — Atomic  Weights  — Laws  of  Chemical 
Combination  — Quantivalence  or  Atomicity— Change  or  Varia- 
tion of  Quantivalence. 

ELEMENTS  AND  COMPOUNDS. 


Chemistry  is  the  science  that  concerns  itself  with 
inatrer  and  teaches  us  how  to  resolve' ' 

pi e r or  elementary 
rms*1  of r matter 

from  the  simpler  or  elementary  forms.  The  resolution 
of  complex  bodies  into  simpler  or  elementary  bodies  is/ 
called  aimSysis  (dr«,  up ; Xvacg,  separation)  • arid ' 
the  construction  of  compounds  from  simpler  bodies 
is  called  synthesis  (<rnr,  together , Oeaeg,  placing).  - 
Tne  numberless  compounds  met  with  in  the  animal, 
vegetable,  and  mineral  kingdoms  can  all  be  resolved 
or  split  up  by  analysis,  or  otherwise,  into  about 
seventy  simpler  forms  of  matter,  which  are  called 
the  elements ; of  these  seventy  elements,  only  about/* 
forty  are  of  medical  interest.  An  element  is  a 
body  (it  may  be  a solid,  a liqUTTTT'  Ul'  U gkSJj  that 
hitherto  has  resisted  all  attempts  to  decompose  it  into 
any  simpler  forms  of  matter  • for  example/  silver  and 
oxygen  are  two  of  the  elements,  and  all  attempts  have, 
up  k>  the  present  time,  been  incapable  of  decomposing 
them  into  simpler  bodies.  A eoinpoisaul  is  a body 
composed  of  two  or  more  elements,  and  is  there- 
fore capable  of  being  split  up  into  them  ; for  example, 
oxide  of  silver  is  a compound,  for  it  is  possible  by 
simply  heating  it,  to  resolve  it  into  the  two  elements 
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silver  and  oxygen,  the  former  being  left  as  finely- 
divided  metal,  and  the  latter  escaping  as  a gas. 

The  following  is  a list  of  the  elements,  arranged 
alphabetically  ; classified  lists  of  the  more  important 
elements  as  they  are  to  be  learnt  and  remembered  by 
the  student  will  be  given  shortly  : — 


LIST  OF  THE  ELEMENTS. 


Aluminium 

Antimony 

Argon* 

Arsenic 

Barium 

Beryllium  (Be) 

Bismuth 

Boron* 

Bromine* 
Cadmium  (Cd) 
Caesium  (Cs) 
Calcium 
Carbon* 

Cerium  (Ce). 

Chlorine* 

Chromium 

Cobalt 

Copper 

Erbium  (Er) 

Fluorine* 

Gallium  (Ga) 

Germanium  (Go) 

Gold 


Helium* 

Hydrogen* 

Indium  (In) 
Iodine* 

Iridium  (Ir) 

Iron 

Lanthanum  (La) 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum  (Mo) 
Nickel 

Niobium  (Nb) 
Nitrogen* 

Osmium  (Os) 
Oxygen* 
Palladium  (Pd) 
Phosphorus* 
Platinum  (Pt) 
Potassium 
Rhodium  (Rh) 


Rubidium  (Rb) 
Ruthenium  (Ru) 
Scandium  (Sc) 
Selenium*  (So) 
Silicon* 

Silver 
Sodium 
Strontium 
Sulphur* 
Tantalum  (Ta) 
Tellurium*  (Te) 
Terbium  (Tb) 
Thallium  (Tl) 
Thorium  (Th) 
Tin 

Titanium  (Ti) 
Tungsten  (W) 
Uranium  (U) 
Vanadium  (V) 
Ytterbium  (Yb) 
Yttrium  (Y) 
Zinc 

Zirconium  (Zr) 


The  elements  are  divided  into  two  classes  : viz. 
metals  and  non-metals.  Sixteen  non-metallic  elements 
exist ; they  are  distinguished  m the  above  TisF  by 
having  asterisks  attached  to  their  names. 

Metals  and  non-metals. — In  much  about  the 
same  way  that  all  living  things  are  divided  into  two 
great  kingdoms,  the  animal  and  the  vegetable,  so  the 
elements  are  divided  into  two  classes,  metals  and  non- 
metals  ; and  just  as  no  single  character  will  distinguish 
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every  member  of  the  animal  kingdom  from  every 
member  of  the  vegetable  kingdom,  so  no  single -char- 
acter is  sufficient  to  distinguish  all  the  metals  from 
all  the  non-metals ; for  the  two  classes  of  elements 
gradually  merge  into  and  blend  with  one  another,  and 
only  the  far- separated  members  of  the  two  classes 
possess  any  well-marked  distinguishing  characters. 
A few  of  the  best-marked  characters,  and  those  that 
may  be  most  readily  recognised,  are  the  following  : — 
Metals  possess,  or  can  be  made  to  possess  by  polish- 
or  by  pow^^^compression,  a peculiar  surJace, 
known  as  met^^ic_fl/ast re_ — a property  that  is  well 
known  to  ev^Vyone. ft”  is  true  that  metals  in  a 
find  state  of  division,  such  as  the  reduced:  iron  of  the 
British  Pharmacopoeia,  do  not  possess  this  lustre,  but 
if  by  powerful  pressure  or  hammering  they  are  com- 
pressed into  a mass,  and  this  mass  be  polished,  the 
metallic  lustre  is  then  developed.  There  are  two  of 
the  common  metals  which  are  coloured  : viz.  copper, 
which  is  of  a reddish  colour,  and  gold,  which  is  of  a 
yellow  colour.  Non-metals  are  destitute  of  the 
peculiar  surface  known  as  metallic  lustre;  it  is 
impossible  to  develop  a mirror-like  surface  on  a stick 
of  phosphorus  or  on  a piece  of  sulphur ; the  only  non- 
metallic  elements  that  possess  anything  IHFiTarTnetallic 
jytre  are  iodine  andTcccrbon  (in  the  form  of  graphite). 
Metals  are  Also  good  conductor's  of  both  heat  and 
electricity,  whereas"  non-metals  are  extremely  bad 
conductors  of  these  two  forces.  The  oxides  of  the 
metals  as  a rule  form  bases,  those  of  the  non-metals 

Sr.  l*_ 

Plijsifal  Voiiclitioiis  of  the  elements* Of 

alPthe  elements, ^en  only  are  gases  : viz.  hydrogen, , 
oxygen,  nitrogen,  chlorine,  fluorine,  hdivmT  and 
argon,  ^wo  of  the  elements,  mercury  ancT  bromine. 
are  liquid  aP  ordinary  temperatures ; the  remaining 
elements  are  solids.  The  physical  condition  of  any 
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element  can,  however,  be  altered  : for  instance,  the 
elementary  gases  can  be  liquefied  by  subjecting  them 
to  powerful  pressure  and  extreme  cold  ; the  feat  of 
condensing  oxygen  and  nitrogen  to  liquids  was 
accomplished  in  the  latter  part  of  1877  by  Cailletet 
and  by  Pictet,  these  gases  having  up  to  that  time 
resisted  all  attempts  to  liquefy  them.  Hydrogen  has 
been  liquefied  by  Olszewski  and  by  Dewar,  I he  two 
liquid  elements,  mercury  and  bromine,  can  in  their 
turn  have  their  physical  condition  altered ; thus,  on 
boiling  them  they  become  converted  into  vapours  or 
gases,  and  by  exposing  them  to  sufficiently  low 
degrees  of  cold,  they  freeze,  or  assume  the  solid  state 
(for  instance,  mercury  frequently  freezes  in  Arctic 
regions).  Most  of  the  solid  elements  undergo  an 
alteration  of  state  on  the  application  of  heat : for  in- 
stance, the  metals  when  heated  melt  or  liquefy,  and 
on  the  further  application  of  an  intense  heat  volatilise 
or  form  vapours. 

SYMBOLS. 

A symbol  is  a shorthand  method  of  representing 
an  element.  The  symbol  of  an  element  consists  of 
one  or  two  letters,  derived  generally  from  the  Latin 
name  of  the  element  (the  symbols  for  potassium  and 
sodium  are  derived  from  Arabic  words).  When  the 
symbol  is  composed  of  one  lefter  01}ly>  fhat  letter  is 
the  first  one  that  occurs- Tn  the  name  {e.g.  the 
symbol  for  hydrogen  is  H,  for  oxygen  O,  for  nitrogen 
JST,  for  carbon  C) ; when  the  symbol  is  composed  of 
two  letters,  .the  first  letter  is  the  first  one  in  the 
name  and  the  second  is  some  characteristic  lettei 
in  the  same  name  {e.g.  the  symbol  for  chlorine  is 
Cl,  for  magnesium  Mg,  for  platinum  Pt).  In  most 
cases  the  Latin  names  are  the  same  as  the  Lnglish, 
but  in  a few  cases  they  are  not,  and  these  exceptions 
must  be  well  learnt  in  order  to  remember  the  symbols 
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derived  from  them.  The  following  is  a list  of  those 
elements  whose  Latin  names  differ  from  their  English 
ones  \ the  symbols  derived  from  these  Latin  names 
are  given  in  the  third  column  : — 


English  Names. 

Latin  Names. 

Symbols. 

Antimony 

Stibium 

Sb^ 

Tm 

Its 

Copper 

Gold 

Cuprum... 
Aurum  ...  • ... 

Iron  ... 

Ferrum  .. 

TTe 

Lead  ... 

Plumbum 

pT ^ 

Mercury 

Hydrargyrum 

g- 

Potassium 

Kalium  (Arabic  name) . 

Silver 

Argentum 

Ag 

Sodium 

Natrium  (Arabic  name) 

La 

§n  ^ 

Tin 

Stannum 

The  following  is  a list  of  the  more  common 
elements,  with  their  respective  symbols  and  approxi- 
mate atomic  weights  ; an  explanation  of  these  atomic 
weights  will  shortly  be  given,  but  previous  to  reading 
that  explanation  it  will  be  advisable  for  the  student  to 
commit  to  memory  the  atomic  weights  of  the  elements 
given  in  the  list.  The  order  in  which  the  elements 
are  arranged  in  this  table  is  in  that  of  their  atomic 
weights,  commencing  with  hydrogen,  which  possesses 
the  lowest.  This  order  greatly  assists  the  memory,  as 
after  studying  the  list  the  student  is  enabled  to 
picture  mentally  in  what  part  of  the  list  any  par- 
ticular element  occurs,  and  so  a clue  is  gained  as  to 
its  atomic  weight : — 


Elements. 

Symbols. 

Atomic  Weights. 

Hydrogen*  ... 

Ii* 

Lithium 

Li 

7 

Boron* 

B* 

11. 

Chemistry. 


[.Part  i. 


14 


Elements. 


Symbols. 


Atomic  Weights 


Carbon* 

Nitrogen* 

Oxygen* 

Sodium 

Magnesium 

Aluminium 

Phosphorus* 

Sulphur* 

Chlorine* 

Potassium 

Calcium 

Manganese 

Iron  . . . 

Copper 

Zinc  ... 

Arsenic 

Bromine* 

Silver  ... 

Tin 

Antimony 

Iodine* 

Barium 

Mercury 

Lead  ... 

Bismuth 


C* 

N* 

0* 

Na 

Mg 

A1 

P* 

S* 

Cl* 

K 

Ca 

Mn 

Fe 

Cu 

Zn 

As 


Br* 

Ag 

Sn 

Sb 


I* 

Ba 


Hg 


Pb 

Bi 


27-1 

31-VV' 

32,  V 

S9-r%  - 

40  ^ 

zn  \ ' - 

W&  br 

vr~ 

80 

108 

119 

120-4 


The  elements  to  which  asterisks  are  attached  are  the  non-metallic 

elements. 


THE  ATOMIC  THEORY. 

The  student  having  now  become  acquainted  with 
the  differences  existing  between  elements  and  com- 
pounds, the  next  subject  to  be  considered  is  the  prevail- 
ing theory  with  regard  to  the  constitution  of  matter. 

It  is  a familiar  fact  that  most  solid  substances  can, 
by  mechanical  means,  be  reduced  to  an  extremely  fine 
powder,  but  the  particles  of  the  finest  powder  when 
viewed  under  the  microscope  are  seen  in  the  form  of 
little  masses ; that  is,  they  are  still  capable  of  further 
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division.  Now,  the  question  that  for  ages  has  been 
before  the  minds  of  philosophers  and  chemists  is — 
whether  matter  is  really  infinitely  divisible,  or  whether 
there  is  a point  at-  which  the  divisibility  of  m after 
ceases^  The  latter  idea  is  the  prevalent  one,  ana  for 
the  exposition  and  adaptation  of  it  to  the  laws  of 
chemical  combination  we  are  indebted  to  Dalton. 
The  atomic  theory,  which  is  known  as  “ Dalton’s 
atomic  hypothesis,”  regards  matter  as  being  com- 
posed of  indivisible  particles',  called  atoms  (the 
term  atom  is  derived  from  the  Greek  word  a rojuog, 
indivisible )._  It  is  impossible  by  any  means,  mechanical 
or  otherwise^  so  to  sub-divide  dny  'bo’dy  as- to  split  it 
Tip  TnfcTdfs  constituent  atoms,  nor  is  it  possible  for 
^anyone “to  menTaTTy  picture  an  atom,  since  it  is 
inconsistent  for  the  mind  to  conceive  of  anything 
that  is  incapable  01  further  division,  as  the  mind 
always  invests  mental  images  with  boundaries.  By 
assigning  to  each  atom  a relative  weight  as  compared 
with  the  weight  of  other  atoms,  Dalton  was  enabled 
to  throw  great  light  on,  ancT  produce  satisfactory 
reasons  for,  all  the  observed  numerical  laws  of 
chemical  combination  (which  will  shortly  come  under 
our  consideration). 

To  understand  fully  the  matter  that  follows,  the 
definitions  of  the  two  words  atom  and  molecule 
must  be  carefully  remembered.  An  atom  is  the 
smallest  proportion  by  weight  in  which  an  element 
end^^mfcp* or  iiTex'pelTed  from,  a chemical  Compound, 
the  smallest  weigTTTdf  hydrogen  so  entering  or  leaving 
a chemical  compound  being  taken  as  unity.  More 
atom  may  be  defined  as  the  smallest 
quantity  of  an  element  that  is  capable  of  existing,  and 
it  is  indivisible!  Tfiiolccir'e  (the  word  molecule 
means  a small  mass)  is  the  smallest  quantity  of  a 
body,  elementary  or  compound,  that  is  capable  of 
’ existing  in  the  free  state . 
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three  elements,  d molecule  consists 
, „ •’  viz.  mercury  (Hg),  zinc  (Zn),  and 

cadmium  *(CdJ ; the  molecules  of  other  elements  con- 
tain two  or  more  atoms,  as  H2.02.Cl2.Br2,I2,S2  (above 


As 


’4- 

of 


500°),  Se2 ; the  only  elementary  bodies  containing 
four  atoms  in  the  molecule  are  phosphorus  and 
arsenic ; the  molecule  of  phosphorus  is  therefore 
represented  as  P4,  and  that  of  arsenic 
Ozone,  which  is  a modified  or  condensed  form 
oxygen,  contains  three  atoms  in  the  molecule,  and  is 
represented  as  03.  Sulphur  at  500°  contains  six 
atoms  in  the  molecule,  S6. 

_ Compounds  are  formed  by  the  union  of  the  atoms 
of  different  elements,  and  the  smallest  possible  quan- 
tity _°f  any  compound — that  is,  the  molecule  of  any 
compound — must  contain  at  least  twro  different  atoms.- 
As  an  example  of  a compound,  the  molecule  of  which- 
only  contains  two  elementary  atoms,  common  salt 
(chloride  of  sodium)  may  be  taken.  This  compound 
possesses  an  atom  of  sodium  and  an  atom  of  chlorine 
in  the  molecule,  which  is  therefore  represented  as 
HaCl.  The  number  of  atoms  in  the  molecule  of  a 
compound  is  unlimited,  some  molecules  containing  a 
very  large  number,  as  the  student  will  notice  as  he 
proceeds  with  the  study  of  Chemistry. 


ATOMIC  WEIGHTS. 

Every  element  has  its  own  atom  peculiar  in  pro- 
perties and  weight.  The  atomic  weights  of  the  ele- 
ments represent  : — 

CL  The  relative  weights  of  the  atoms  (H  = l). 

(2?)  The  smallest  quantity  by  weight  which  can 
enter  or  leave  a chemical  compound  (the  smallest 
quantity  of  Hydrogen  so  entering  or  leaving  =1). 

(3)  The  specific  gravity  of  the  element  in  the  state 
of  gas  or  vapour  (H=l). 
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(4)  The  number  obtained  by  dividing  .6*4  by  the  j 1 
specific  heat  of  the  element  in  the  solid  state.  U 

(1)  Consideration  of  tiic  atomic  weights 
of  the  elements  as  tlieii*  relative  weights. — 

It  must  not  be  supposed  "that  the  atomic  weights  of 
the  elements  represent  any  actual  weights  ; the  weights 
are  only  comparative  or  relative  to  one  another.  For  . 
example,  if  equal  volumes  of  hydrogen  and  oxygen  I 
be  taken'^at  the  same  temperature  ana  under  the  f 
same  atmospheric  pressure,  it  will  tae  found  tnat  the~*  | 
TjTflk  of  wiygerrlM  »1  TfSeirtimes  as  lieavy  as  the  equal  | 

Tuik  uf  lijimugBif."  j vuw,  Hydrogen  Hghtast  \ 

"elem enri*ttrTi'g*^Sifvenient  to  take  it  as  the  unit  of  the  1 
scale,  because  its  combining  weight  is  smaller  than 
that  of  any  other  element ; but  this  is  merely  a matter 
of  convenience.  Taking,  therefore,  the  atomic  weight 
of  hydrogen  as  1,  the  relative  or  atomic  weight  of 
oxygen  will  be  16 ; nitrogen  is  fourteen  times  heavier 
than  hydrogen,  and  therefore  its  atomic  or  relative 
weight  is  14.  One  important  point  must  be  con- 
sidered here  and  may  have  been  noticed  by  the  stu- 
dent : and  that  is,  that  in  deducing  the  atomic  weights 
of  hydrogen  and  oxygen  from  the  relative  weights  of 
equal  bulks  of  the  gases,  it  is  apparently  assumed 
that  a volume  of  hydrogen  gas  contains  just  as  many 

I molecules  as  an  equal  volume  of  oxygen,  when  the  two 
gases  are  measured  at  the  same  temperature  and  under 
the  same  atmospheric  pressure ; for  if  the  equal 
volumes  of  the  two  gases  did  not  contain  an  equal 
number  of  units,  then  the  units  of  the  two  gases 
could  not  possess  the  relative  weights  that  the  equal 
bulks  of  gases  bear  to  one  another.  This  important 
point  is  something  more  than  an  assumption,  for  it 
admits  of  experimental  proof  ; it  has  been  investigated 
by  Avogadro  and  Ampere,  and  the  following  hypo- 
thesis bears  their  names. 

Avogadro  and  Ampere’s  hypothesis.  - 
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j Equal  volumes  of  different  gases , at  equal  pressures  fcfe 
I and  -temperatures,  contain  equal  numbers  'of  molecules,  f 
As  proof  of  this  hypothesis,  there  is  the  fact  that  all  I 
are  equally  affected  in  volume  by  variations  of 
pressure  and  temperature,  physical  agencies  such  as 
/ heat  and  pressure  not  affecting  the  volume  of  mole,-  / 
j jnrh  tbcir  distance  from  one  another.  / 

| Thusthe  heat  that  is  necessary  to  cause  half  a pint  of  i 
oxygen  to  expand  to  one  pint  also  causes  half  a pint 
of  hydrogen  to  expand  to  just  one  pint;  and  the 
pressure  that  is  necessary  to  compress  a pint  of 
oxygen  to  half  a pint  will  also  compress  a pint  of 
hydrogen  to  half  a pint.  Now  it  is  not  conceivable 
that  the  two  gases  could  behave  in  such  a similar 
manner,  unless  they  contained  equal  numbers  of  mole- 
culegjn  equal  bulks. 

© Consideration  of  Hie  atomic  weights 
of  tile  elements  as  their  combining  weights* 

— The  most  important  fact  to~ he  remnmbered^ 
student  in  connection  with  the  atomic  weights  of  the 
elements  is,  that  they  represent  the  proportions  in 
which  the  elements  unite  with  one  another  to  form 
compounds,  or  the  proportions  in  which  they  displace 
one  another  in  compounds.  Thus  in  the  case  of 
chloride  of  sodium  (common  salt),  23  parts  by  weight 
of  sodium  unite  with  35  5 parts  by  weight  of  chlorine, 
and  the  two  elements  will  only  unite  together  in  these 
proportions.  If  35-5  grains  of  chlorine  be  brought  in 
contact  with  23  grains  of  sodium,  the  two  will  com- 
bine and  form  58-5  grains  of  chloride  of  sodium ; but 
if  more  chlorine,  say  50  grains,  be  brought  in  contact 
with  23  grains  of  sodium,  then  the  23  grains  of  sodium 
will  only  unite  with  35  5 grains  of  chlorine,  and  14 5 
grains  of  chlorine  (the  remainder  of  the  50  grains) 
will  be  left  in  the  free  state.  In  like  manner,  if  35-5 
grains  of  chlorine  be  brought  in  contact  with  more 
than  23  grains  of  sodium,  then  the  35  5 grains  of 
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chlorine  will  only  be  capable  of  uniting  with  23  grains 
of  sodium,  and  the  remainder  of  the  sodium  will  be 
left  unattacked. 

It  will  presently  be  shown  that  two  elements  are 
capable  of  uniting  in  different  proportions  to  form 
different  compounds,  but  the  student  will  then  notice 
that_the  varying  proportions  in  which  two  elements 
unite" with  one  another  are  always  expressed  hv  sirrmle  / / 
multiples  of  theiiiatoinic  weights.  jj 

VV ltlTTegard  to  “ 4,"  it  may  be  remarked  that  the 
specific  heats  of  the  elements  are  the  relative  amounts 
of  heat  required  to  raise  equal  weights  through  ld  Cenk 
In  1819  Dulong  and  Petit  discovered  that. by _ multn 
plying  the  atomic  weights  of  the  solid  elements  by 
Theli'  lespHCtive  specific  heats  they  obtained  a constant 
product  (aOduT  t)  *4 ).  Thus  : 

silver,  108  x 0'057  — 6-15. 
tin,  118  x 0'0562  = 6*6,  etc. 


THE  LAWS  OF  CHEMICAL  COMBINATION. 
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. The  following  are  the  three  laws  that 
the  combination  of  elements  to  form  compounds  : 

1st  law.  The  same  chemical  compound 
always  contains  the  same  elements,  united 

in  the  same  proportions. — This  law  declares  that 
a chemical  compound  always  possesses  an  unvarying 
composition.  For  instance,  from  whatever  part  of 
the  globe  chloride  of  sodium  (common  salt)  be  obtained, 
or  by  whatever  method  it  may  be  manufactured,  it 
will  always  be  found  on  analysis  to  contain  23  parts 
by  weight  of  sodium  to  35  *5  parts  by  weight  of 
chlorine,  and  these  proportions  will  never  vary  in  the 
compound.  Again,  if  pure  water  be  obtained  from 
any  source,  and  analysed,  it  will  be  found  to  contain 
2 parts  by  weight  of  hydrogen  to  16  parts  by  weight 


II 


20 


Chemistry. 


[Part  1. 


°f  oxygen,  and  in  all  samples  of  water  these  propor- 
tions are  invariable. 

This  law,  although  a very  simple  one,  is  an  ex- 
tremely important  one,  for  it  confers  on  Chemistry  the 
dignity  of  an  exact  science  : — 

/Sjsncf  Wlien  two  elements  unite  to- 

gether, m different  proportions,  to  form 
different  compounds,  they  do  so  in  simple 
multiples  of  each  other.— Thus,  let  A and  B re- 
present two  elements,  the  following  arrangements  then 
show  how  these  two  elements  might  combine  in  differ- 
ent proportions  to  form  different  compounds  : — 

A + B,  A + 2B,  A + 3B,  A + 4B,  etc. 

Or,  2A  + B,  2A  + 3B,  2A  + 5B,  2A  + 7B,  etc. 

Or,  A f B,  A + 3B,  A + 5B,  etc. 

It  will  be  noticed  that  the  varying  combining  pro- 

portions of  A and  B are  indicated  by  the  simple 
multiples  1,  2,  3,  4,  etc.,  no  halving  or  quartering  of 
an  elementary  atom  ever  taking  place. 

The  student  will  meet  with  numerous  examples  of 
this  law  as  he  proceeds  with  the  study  of  Chemistry  ; 
for  the  present,  it  will  be  sufficient  to  bring  before  his 
notice  a few  illustrations  of  it  in  order  to  complete  its 
explanation.  Carbon  forms  with  oxygen  two  com- 
pounds : the  one  containing  the  least  oxygen  is  called 
carbonic  oxide  (CO),  and  the  one  containing  most 
oxygen  is  called  carbonic  acid  gas  (C02) ; carbonic 
oxide  contains  by  weight  12  parts  of  carbon  to  16  of 
oxygen,  and  carbonic  acid  gas  contains  12  parts  of 
carbon  to  32,  or  16x2,  of  oxygen;  in  this  case  the 
simple  multiples  1 and  2 represent  the  different  pro- 
portions in  which  the  two  elements  carbon  and 
oxygen  unite  with  one  another. 

A few  examples  of  different  compounds  belonging 
to  some  of  the  members  of  the  graphic  representations 
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pieviously  given,  may  assist  the  student  in  under- 
standing this  law. 

EXAMPLES. 


2A  + B ...  N20  ...  Nitrous  oxide 
2A  + 3B...  N203..  Nitrons  anhydride 
3A  + 5B...  N205...  Nitric  anhydride 

A + 2B  ...  S0.2  ...  Sulphurous  anhydride 
A + 3B  ...  S03  ...  Sulphuric  anhydride 


( Three  of  the  com- 

< pounds  of  nitro- 
/ gen  and  oxygen. 

( The  two  com- 

< pounds  of  sul- 
( phur  and  oxygen. 


A + 3B  ...  PC13...  Phosphorus  trichloride  (^ounds'^f  phos- 

A+5B  ...  PC15...  Phosphorus  pentachloride  / phorus  and 

h chlorine. 


This  second  law  of  chemical  combination  is  an 
extremely  important  one,  as  it  adds  great  weight  to 
the  idea  of  the  existence  of  atoms  \ for,  since  an  atom 
is  supposed  to  be  indivisible,  it  is  easy  to  understand 
why,  in  cases  where  several  compounds  of  the  same 
elements  exist,  the  increase  is  always  in  some  simple 
multiple  of  the  combining  weight,  in  other  words, 
there  is  no  halving  nor  quartering  of  atoms  ; in  fact, 
the  theory  of  the  existence  of  atoms  is  perfectly  in 
harmony  with  the  law  of  multiple  proportions  that 
has  just  been  explained. 

C5y<l  The  proportions  in  which  any 

two  elements  unite  with  a third  are  the 
same  proportions  in  which  they  unite  with 
each  other,  or  simple  multiples  of  those 


E£5)?.?,’t*0n*"  ~^'or  example,  39  parts  of  potassium 
unite  with  35-5  parts  of  chlorine  to  form  chloride  of 
potassium,  and  39  parts  of  potassium  unite  with  127 
parts  of  iodine  to  form  iodide  of  potassium  ; therefore 
35-5  parts  of  chlorine  would  unite  with  127  parts  of 
iodine  to  form  a compound  of  iodine  with  chlorine 
(chloride  of  iodine).  In  this  case,  the  proportions  in 
which  the  two  elements  chlorine  and  iodine  unite 
with  the  third  element  potassium  are  the  same  pro- 
portions in  which  they  unite  with  each  other. 
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These  three  laws  are  sometimes  called  respec- 
tively : 

ly  The  law  of  constant  proportions. 

(%  The  law  of  multiple  proportions. 

The  law  of  reciprocal  proportions. 

The  discovery  of  the  second  law,  the  law  of 
multiple  proportions,  by  Dalton  in  1804,  was  of  the 
highest  importance ; before  Dalton’s  time  the  com- 
position of  a substance  was  expressed  in  percentage 
numbers.  Thus  the  two  oxides  of  carbon  : 

Carbonic  oxide,  42  86%  carbon  and  57' 14%  oxygen. 

Carbon  dioxide,  27'27%  carbon  „ 72-73%  oxygen. 

And  again,  two  of  the  hydrocarbons : 

Olefiant  gas,  85-7%  carbon  and  14*3%  hydrogen. 

Marsh  gas,  75-0%  carbon  „ 25-0%  hydrogen. 

Dalton  was  apparently  the  first  to  notice  that  in 
olefiant  gas  one  part  of  hydrogen  was  united  to  six 
parts  by  weight  of  carbon,  and  that  in  marsh  gas 
two  of  hydrogen  were  united  to  six  parts  of  carbon, 
and  to  appreciate  the  importance  of  this  fact.  Again, 
in  carbonic  oxide  6 parts  of  carbon  unite  with  8 of 
oxygen,  and  in  carbon  dioxide  6 parts  of  carbon  unite 
with  16  of  oxygen.  This  he  explained  by  assuming 
that  the  (relative)  weight  of  the  carbon  atom  was 
6,  and  that  of  the  oxygen  atom  was  8,  and  that  in 
carbonic  oxide  we  had  1 atom  of  each  element  present, 
and  in  the  dioxide  1 atom  of  carbon  to  2 atoms  of 
oxygen,  which  facts  could  be  easily  symbolised  by 
the  formula?  CO  and  C02.“  (For  reasons  given  in 
subsequent  pages  the  above  atomic  weights  have  been 
doubled.) 
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QU  ANTI  V ALE  NC  E,  ATOMICITY,  OR 

VALENCY. 

By  the  quantivalence  or  atomicity  of  an  element 
is  meant  itsTtlom-Gxing  power  :~that  is,  the  equivalent 
orj5aturatinor  value  possessed  by^ihe  atom  of  an  ele- 
ment, repiwmed  by  lilh  number  ot  atoms  of  hydrogen 
equivalent,  'mus,  chlorine  combines 
1 nth  but  one  atom  oTTiyxIrogen , as  in  HC1 ; oxygen 
Combines  with  two  atoms  of  hydrogen,  as  in  H20  ; 
nitrogen  with  three,  NH3  ; carbon  with  four,  CH4,  etc. 

Any  clyad  or  bivalent  element  possesses  twice  the 
atom-fixing  power  of  a monad  or  univalent  element. 
A triad  or  trivalent  element  possesses-” three  times 
the  atom-fixing  power  of  a monad  element,  so  that 
one  atom  of  a triad  will  combine  with  and  saturate 
three  atoms  of  a monad.  Example. — Chloride  of 
bismuth  (BiCl3)  consists  of  one  atom  of  the  triad 
element  bismuth  united  with  three  atoms  of  the 
monad  element  chlorine. 

The  combination  of  a dyad  with  a triad  does  not  at 
first  seem  so  easy,  but  bearing  in  mind  that  a triad 
possesses  an  atom -fixing  power  represented  by  three, 
as  compared  with  a dyad,  which  possesses  an  atom- 
fixing power  represented  by  two,  evidently,  then,  two 
atoms  of  a triad  will  unite  with  and  satisfy  three 
atoms  of  a dyad,  for  they  will  then  both  possess  an 
equal  atom-fixing  power,  represented  by  six ; just 
as  two  threepenny  pieces  would  be  equal  in  value 
to  three  twopenny  pieces.  Example. — Oxide  of  bis- 
muth (Bi303)  consists  of  two  atoms  of  the  triad 
bismuth  united  with  three  atoms  of  the  dyad  oxygen. 

One  atom  of  a tetrad  or  quadrivalent  element  will 
combine  with  and  saturate  four  atoms  ol  a univalent 
element,  or  two  atoms  of  a dyad  or  bivalent  element. 
Examples. — Perchloride  of  platinum  (PtCl4)  consists 
of  one  atom  of  the  tetrad  platinum  united  with  four 
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atoms  of  the  monad  chlorine.  Carbonic  acid  gas 
(CO„)  consists  of  one  atom  of  the  tetrad  carbon 
united  with  two  atoms  of  the  dyad  oxygen. 

One  atom  of  a pentad  or  quinquivalent, element 
is  capable  of  uniting  with  and  saturating  five  atoms 
of  a monad  or  univalent  element.  Example. — Penta- 
chloride  of  phosphorus  (PC15)  consists  of  one  atom  of 
the  pentad  phosphorus  united  with  five  atoms  of  the 
monad  chlorine.  When  a pentad  unites  with  a dyad, 
two  atoms  of  the  pentad  will  satisfy  and  saturate  five 
atoms  of  the  dyad,  for  two  atoms  of  a pentad  will 
possess  an  atom-fixing  power  equal  to  five  atoms  of 
a dyad,  since  they  will  then  both  possess  an  equal 
atom-fixing  power,  represented  by  ten,  just  as  two 
fivepenny  pieces  would  be  equal  in  value  to  five  two- 
penny pieces.  Example.  — Phosphoric  anhydride 
(P205)  consists  of  two  atoms  of  the  pentad  phosphorus 
united  with  five  atoms  of  the  dyad  oxygen. 

Lastly,  a hexad  or  sex i valent  element  is  one  that 
possesses  six  times  the  atom-fixing  power  of  a monad 
or  univalent  element,  or  three  times  the  atom-fixing 
power  of  a dyad,  and  so  on.  Examples. — Fluoride 
of  chromium  (CrF6)  consists  of  one  atom  of  the  hexad 
chromium  united  with  six  atoms  of  the  monad  fluorine. 
Chromic  anhydride  (Cr03j  consists  of  one  atom  of  the 
hexad  chromium  united  with  three  atoms  of  the  dyad 
oxygen. 

The  quantivalence  or  atomicity  of  an  element  is 
sometimes  represented  by  small  dashes  or  by  Roman 
numerals  placed  over  its  symbol,  thus  : 


Monad  or  univalent 
Dyad  or  bivalent  ... 

Triad  or  tri valent 
Tetrad  or  quadrivalent  ... 
Pentad  or  quinquivalent ... 
Hexad  or  sexivalent 


Hi 
O'* 
Biiii 
S'  'r 

pv 
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Graphic  Representation  of  the  Quantivalence 
or  Atomicity  of  the  Elements. 

The  quantivalence  of  an  element  may  be  repre- 
sented graphically  by  fixing  to  ifcs  symbol  lines  corre- 
sponding in  number  to  the  degree  of  its  atom-fixing 
power.  A monad  is  represented  as  possessing  one 
arm,  a dyad  as  possessing  two  arms,  a triad  as  pos- 
sessing three  arms,  and  so  on  ; thus  : 


Monad  - H — 

Dyad — 0 — 


Triad.. 


Tetrad 


Pentad 


Hexad 

It  is  scarcely  necessary  to  caution  the  student 
against  supposing  that  elements  actually  have  arms 
projecting  from  them  ; all  that  we  know  is  that  such 
an  element  as  oxygen  possesses  twice  the  atom-fixing 
power  of  hydrogen,  and  the  graphic  symbols  serve 
the  purpose  of  showing  how  one  atom  of  oxygen  is 
capable  of  uniting  with  two  atoms  of  hydrogen  ; they 
represent  in  a manner  that  at  once  appeals  to  the 


! 

>B!- 

i 

— Si  — 

I 

I 

..r-  P 
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mind  of  the  student  how  different  elements  are  capa- 
ble of  exerting  different  atom -fixing  powers.  These 
hypothetical  arms  are  generally  spoken  of  and  written 
of  as  “bonds,”  but  the  term  “bond  ” is  open  to  some 
objection,  and  the  better  and  less  objectionable  term 
“ affinity  ” will  therefore  be  used  in  this  book.  Thus, 
a monad  possesses  one  affinity,  a dyad  two  affinities, 
a triad  three  affinities,  and  so  on. 

Change  or  variation  of  quantivalence.— 

It  will  be  noticed  in  the  table  of  the  elements  arranged 
according  to  quanti valence  on  page  23,  that  frequently 
an  elemeut  is  inserted  in  more  than  one  column,  that 
is,  apparently  possesses  more  than  one  quantivalence  \ 
an  explanation  of  the  reason  why  an  element  is 
capable  of  exerting  different  atom-fixing  powers  will 
now  be  given.  It  should  be  noticed  in  the  table  re- 
ferred to,  that  when  an  element  is  not  exerting  its 
full  quantivalence,  it  is  distinguished  by  being  printed 
in  italics  and  by  having  an  asterisk  attached  to  its 
name. 

The  commoner  elements  that  possess  varying 
quantivalences  are  : 

( Sulphur,  which  acts  as  a hexad,  tetrad,  and  di/ad. 

| Chromium  ,,  .y  ' 

( Manganese  ,,  „ 

Nitrogen,  which  acts  as  a pentad,  triad,  and  monad. 
orus,  which  acts  as  a pentad  and  triad.  * 


As  an  example  of  the  first  group,  the  members  of 
which  can  act  as  hexads,  tetrads,  or  dyads,  we  will 
take  sulphur.  The  sulphur  atom  as  a hexad  is  repre- 
sented graphically  as  possessing  six  affinities,  thus : 


v*  r,  «/  J y > J 55 

L Carbon,  which  acts  as  a tetrad  and  dyad. 

t TtHTI  i/i'an/J 
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Now,  supposing  two  of  the  six  affinities  cease  to 
exert  their  atom-fixing  power,  which  can  be  imagined 
by  supposing  a pair  of  affinities  to  grasp  one  another 
and  so  neutralise  their  fixing  powers,  the  sulphur 
atom  will  then  only  be  exerting  an  atom-fixing  power 
represented  by  four,  and  will  therefore  be  acting  as  a 
tetrad.  The  sulphur  atom  in  this  condition  is  repre- 
sented graphically  thus  : 

\ / 

— s — 

o 

Again,  suppose  two  pairs  of  affinities  to  grasp  or 
neutralise  one  another,  the  sulphur  atom  will  then 
only  have  two  affinities  capable  of  exerting  a uniting 
or  combining  power,  and  will  therefore  be  acting  as  a 
dyad  or  bivalent.  The  sulphur  atom  in  this  condition 
is  represented  graphically  thus  : 


o 


For  instance,  in  sulphuric  anhydride  (SviOV)  the 
sulphur  is  exerting  its  full  sexivalent  atomicity;  in 
sulphurous  anhydride  (SivO£)  the  sulphur  is  only 
exerting  quadrivalent  atomicity  ; in  sulphuretted 
hydrogen  (HjjS")  the  sulphur  is  only  exerting  bivalent 
atomicity. 

When  two  affinities  neutralise  one  another,  the 
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act  is  spoken  of  as  a pair  of  affinities  becoming  latent ; 
that  is,  the  combining  power  is  not  destroyed,  but  is 
simply  rendered  latent  or  is  hidden  for  the  time,  for 
it  is  possible,  by  chemical  means,  to  compel  these 
pairs  of  latent  affinities  to  unloose  themselves  and  to 
exert  their  full  atom-fixing  power.  Thus,  as  the 
student  will  learn  later,  it  is  possible  to  compel  the 
S in  H2S,  in  which  it  is  acting  as  a dyad,  to  unloose 
a pair  of  its  latent  affinities  and  act  as  a tetrad,  and, 
in  like  manner,  sulphur  exerting  the  atomicity  of  a 
tetrad  can  be  made  to  exert  its  full  atom-fixing  power 
as  a hexad,  by  the  opening  of  its  last  pair  of  latent 
affinities. 

In  a similar  way  the  three  elements,  phosphorus, 
arsenic,  and  antimony,  are  capable  of  acting  as 
pentads  and  triads.  The  atoms  of  these  three  elements 
when  they  act  as  pentads  are  represented  graphically 
thus  : 


I 

/ \ 


When  acting  as  triads,  or  only  exerting  trivalent 
atomicity,  a pair  of  affinities  become  latent,  and  the 
atoms  of  the  three  elements  would  then  be  represented 
graphically  thus  : 


F or  instance,  in  phosphoric  anhydride  (P^O?)  the 
phosphorus  is  exerting  its  full  power  as  a pentad  or 
quinquivalent ; in  phosphorous  anhydride  (P^O1')  the 
phosphorus  is  only  exerting  the  power  of  a'  triad  or 
trivalent . 
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In  arsenic  anhydride  (AsjOi1)  the  arsenic  is 
exerting  its  full  power  as  a pentad  or  quinquivalent  ; 
in  arsenious  anhydride  (As^'O")  the  arsenic  is  only 
exerting  the  power  of  a triad  or  trivalent. 

In  pentachloride  of  antimony  (Sb'Clj)  the  anti- 
mony is  exerting  its  full  power  as  a pentad  or  quin- 
quivalent; in  the  trichloride  of  antimony  (Sb^Clg) 
the  antimony  is  only  exerting  the  power  of  a triad  or 
trivalent. 

There  are  certain  anomalies  with  regard  to  the 
valency  of  the  elements  nitrogen  and  iron  which 
await  future  explanation.  Thus  nitrogen  in  most  of 
its  compounds  is  an  element  whose  valency  is  odd, 
but  in  nitric  oxide  (NO)  it  is  apparently  a dyad. 
Iron  in  ferrous  oxide  (FeO)  is  a dyad,  but  in  ferric 
chloride  (FeCl3)  it  seems  to  be  trivalent. 

The  elements  whose  valency  is  represented  by 
odd  numbers  (1,  3,  5,  etc.)  are  sometimes  called 
perissads,  those  with  even  numbers  (2,  4,  6)  artiads 
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CHAPTER  III. 

Acidulous  Radicles — Elementary  Radicles — Compound  Radicles — 
Quantivalence  of  Acidulous  Radicles — Acids — Bases — Salts. 


ACIDULOUS  RADICLES. 

( The  term  radicle  signifies  an  unsaturated  element 
/ or  group  of  elements.  An  acidulous  radicle  is  an 
j element  or  group  of  elements  which  are  electro^ 
negative,  i.e.  they  are  libera ted"or  tend  to  be  liberated 
at  the  "positive  electrode  when  their  compounds  are 
decomposed  by~Ufe  passage  of  a current  of  electricity. 
Thus  Cl,  Br,  I,  etc.,  are  elementary  acidulous  radicles  ; 
N03,  S04,  etc.,  are  acidulous  compound  radicles. 

A compound  radicle  may  be  defined  as  a group 
of  elements  which  plays  the  part  of  one  element,  and 
ttdnch  passes  through  many  reactions  without  being 
decomposed  into  its  constituent  ele inents.  “ TEuOIie 
grou^NHJs  found  in  all  the  ammonium  salts,  NH4  Cl, 
(NIL^^SC^  The  group  S03  in  all  the  sulphites, 
Na||Ol  C^S03,  etc. 

These  compound  radicles  may  be  monovalent, 
di\alent,  etc.,  according  to  their  degree  of  unsatu- 
ration. 

We  will  now  take  a few  examples,  and  show  by 
graphic  representations  that  it  is  the  degree  of  unsatu- 
ration of  a radicle  (simple  or  compound)  that  deter- 
mines its  quantivalence  or  atom-fixing  power. 

' Q J AT^aTKpfes  of  univalent  acidulous  radicles, 
we  will  select  the  radicles  of  ' 


(a)  Chlorides 

( b ) Nitrates 

(c)  Nitrites 
(rf)  Cyanides 
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(a)  The  radicle  of  chlorides  (Cl)  is  the  atom  of  the 
element  chlorine,  which  being  a univalent  element  has, 
therefore,  a combining  power  represented  by  one. 


Cl— 


Graphic  representation  of  the  radicle  of  chlorides. 

(b)  The  radicle  of  nitrates  (NvOa)  consists  of  three 
bivalent  oxygen  atoms  united  with  one  quinquivalent 
nitrogen  atom ; the  five  affinities  of  the  nitrogen  atom 
would  therefore  be  capable  of  combining  with  five  out 
of  the  six  affinities  of  the  three  oxygen  atoms,  leaving 
one  affinity  unsaturated,  and  therefore  constituting 
the  radicle  a univalent  one. 


O 

Lo- 


ii 

o 


Graphic  representation  of  the  radicle  of  nitrates. 


(c)  In  the  radicle  of  nitrites  ^NUlO^)  the  nitrogen 
is  only  exerting  tri valent  atomicity  (a  pair  of  its 
affinities  being  latent),  and  is  united  with  two 
bivalent  oxygen  atoms  ; the  three  free  affinities  of 
the  nitrogen  atom  will  therefore  saturate  three  out 
of  the  four  affinities  of  the  two  oxygen  atoms,  leaving 
one  affinity  unsaturated,  and  therefore  constituting 
the  radicle  a univalent  one. 


Graphic  representation  of  the  radicle  of  nitrites. 
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(< d ) In  the  radicle  of  cyanides  ('ClvNp  an  atom  of 
the  quadrivalent  element  caroonis  united  with  an 
atom  of  the  quinquivalent  element  nitrogen,  leaving 
one  affinity  unsaturated,  and  so  constituting  the 
radicle  a univalent  one.  This  radicle  can  also  be 
graphically  represented  by  making  the  nitrogen  tri- 
valent,  when  one  of  the  affinities  of  the  carbon  is  left 
un  saturated. 


C=N—  — C=ND 


Graphic  representations  of  the  radicle  of  cyanides. 


£ 2J  As  examples  of  bivalent  acidulous  radicles  we 
willtake  the  radicles  oi  " """  ^ “ 


Sulphate  S^O” 

In  the  radicle  of  sulphates  (S^Oy),  one  atom  of 
sulphur  which  is  exerting  its  full  sexivalent  atomicity 
is  united  with  four  atoms  of  the  bivalent  oxygen  ; 
the  six  affinities  of  the  sulphur  atom  will  satisfy  or 
combine  with  six  out  of  the  eight  affinities  of  the  four 
oxygen  atoms,  leaving  two  affinities  unsaturated,  and 
therefore  constituting  the  radicle  a bivalent  one. 


O 


— O — S — o- 


o 


Graphic  representation  of  the  radicle  of  sulphates. 

As  examples  of  tri valent  acidulous  radicles  we 
will  take  the  radicles  or 


Phosphates  ...  ...  Pv0” 

The  radicle  of  phosphates  (P'^1)  is  composed  of 

F> 
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one  quinquivalent  phosphorus  atom  united  with  four 
bivalent  oxygen  atoms ; the  five  affinities  of  the 
phosphorus  atom  will  satisfy  or  combine  with  five 
out  of  the  eight  affinities  of  the  four  oxygen  atoms, 
leaving  three  affinities  unsaturated,  and  therefore 
constituting  the  radicle  a trivalent  one. 

I 

0 

1 

— O—  P — O— 

o 


Graphic  representation  of  the  radicle  of  phosphates. 


These  examples  will  be  quite  sufficient  to  enable 
the  student  to  comprehend  that  the  quantivalence  .of 
a, radicle  is  represented  by  the  extent  to  which  it  is 
unsaturated,  and  the  graphic  representations  will 
teach  how  it  is  that  a certain  radicle  possesses  a cer- 
tain quantivalence  ; graphic  representations  of  the 
more  complex  acidulous  radicles  ( e.g . of  acetates 
C2H302,  or  of  taptrates  04H406)  have  not  been  given, 
as  they  would  be  of  no  assistance  at  present  to  the 
student  in  that  part  of  the  subject  which  we  are  now 
dealing  with. 

We  will  now  give  a list  of  the  more  important 
acidulous  radicles,  arranged  in  groups  according  to 
their  quantivalence  : 


UNIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Chlorides 
Iodides 
Bromides 
Fluorides 
Cyanides 
Cyanafes 


Formula. 


...  Cl 
...  I 
...  Br 
F 
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UNIVALENT  ACIDULOUS  RADICLES  (contd.). 


Name. 

Radicle  of  Hypochlorites 
Nitrites 
Nitrates 
Chlorates  . . . 
Iodates 
Bromates  ... 
Formates  ... 
Acetates 


Formula. 

CIO 

m 

$• 

Br03 

CH02 

c2h3o2 


BIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Sulphites  . . 

Sulphates  .. 
Chromates . . 
Carbonates.. 
Oxalates  .. 
Tartrates  . . 


Formula 

S03 

so4 

Cr04 

C03 

c204 

c4h4o6 


TRIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Borates 

,,  Arsenites  ... 
Arseniates  . . . 
Phosphates 
Citrates 


Formula. 
...  B03 
...  AsOu 
...  As04 
...  P04 
...  T£h507 


8 


QUADRIVALENT  ACIDULOUS  RADICLES. 


Name. 

Radicle  of  Silicates  ... 

,,  Ferrocvanides 


Formula. 

...  Si04 
FeCgNg  or  FeCye 


The  formulae  of  these  acid  radicles  and  theii 
quanti  valences,  together  with  the  symbols  of  the  ele 
ments  and  their  atomicities  (see  list  on  page  23),  must 
be  thoroughly  committed  to  memory  ; the  student  will 
then  be  able  easily  to  construct  a formula,  and,  know- 
ing how  to  construct  formulae,  the  representation  ol 
chemical  reactions  by  means  of  equations  is  but  another 
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step  forward.  Before  dealing  with  the  construction 
of  formulae  and  equations,  it  will  be  as  well,  at  this 
stage  of  the  work,  to  introduce  to  the  notice  of  the 
student  three  most  important  classes  of  bodies,  viz. 
acids,  bases,  and  salts. 

Acids  are  bodies  that  always  contain  hydrogen, 
which  hydrogen  is  capable  of  being  partially  or  entirely 
displaced  by  a metal,  to  form  a salt ; in  fact,  the  com- 
Mnatiori  of  any  one  of  fe  acidulous  radicles  with  itsT 
equivalent  quantity  oFTIydrogen,  forms  an  acid".  ‘ Acids 
Chat" conxain  one  atom  ot‘  displaceable  hydFUgen  are 
called  monobasic  ; those  containing  two  atoms  of  dis- 
placeable hydrogen,  dibasic ; those  containing  three 
atoms  of  displaceable  hydrogen,  tribasic  ; and  so  on. 
Thus  nitric  acid  (TPNO3),  which  is  composed  of  the 
univalent  nitric  radicle  united  with  one  atom  of 
hydrogen,  is  an  example  of  a monobasic  acid ; sul- 
phuric acid  (HiSOy),  which  is  composed  of  the  biva- 
lent sulphuric  radicle  united  with  two  atoms  of  hy- 
drogen, is  an  example  of  a dibasic  acid ; phosphoric 
acid  (H3PO411),  which  is  composed  of  the  trivalent 
phosphoric  radicle  united  with  three  atoms  of  hydrogen, 
is  an  example  of  a tribasic  acid.  It  should  be  care- 
fully remembered  that  when  the  term  “acid”  is 
applied  to  a body  destitute  of  hydrogen,  the  term  is 
erroneously  employed  ; for  example,  the  so-called 
“ arsenious  acid  ” (As406)  of  the  British  Pharma- 
copoeia cannot  be  an  acid,  for  it  contains  no  hydrogen  ; 

■ it  is  the  anhydride  of  arsenious  acid,  _an  anhydride 
being  derived  from  an  acid  bv  the  abstraction  of  the 
elements  of  water.  Two  distinguishing  characters 
'possessed  by  most  acids  are  a sour  taste  and. the 
property  of  changing  the  colour  of  blue  litmus  paper 
to  red. 

Bases  are  bodies  that  are  capable  of  combining 
with  ACids  jo  rorm  saltaT  Bases  sometimes  possess  a 
caustic  or  alkaline  taste,  and  have  the  property  of 
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changing  the  colour  of  red  litmus  paper  to  blue.  The 
term  base  has  been  applied  to  three  classes  of-  sub- 
stances : 

8 Oxides,  of  which  lime,  or  oxide  of  calcium 
, aridTliagnesia,  or  oxide  of  magnesium  (MgO), 
maybe  mentioned  as  examples. 

(n)  Hydrates,  of  which  caustic  potash,  or  hy- 
drate of  potassium  (KHO),  and  slaked  lime,  or 
hydrate  of  calcium  (Ca2H0),  may  be  mentioned  as 
examples. 

Q11)  A class  of  bodies  such  as  ammonia  gas  (NH3) 
and  its  organic  derivatives,  the  amines,  etc. 

Salts  are  the  compounds  resulting  from  the  action 
of  a base  on  an  acid  ;*  ^^acidsalt  is  obtained  by  the 
partial  neutralisation  ol  an  acid  by  a base,  so  that 
its  pioperties  are  partly  those  of  an  acid  and  partly 
those  of  a salt;  as  HKS04,  acid  potassium  sulphate. 

When  all  the  hydrogen  of  the  acid  is  replaced 
by  a metal  thosalt^J;s^caJled^9io2^m2£»^2LJ!S2»^22»>  as 
K2S04,  neutral  potassium  sulphate.  A basic  salt 
may  be  considered  as  derived  from  the  Tiydroxide 
or  hydrate  of  a metal,  in  which  all  the  hydroxyl 
has  not  been  replaced  by  the  acid  radicle.  Thus 
bismuth  hydroxide  Bi(HO)3  ; if  all  the  HO  is  replaced,’ 
we  have  the  neutral  bismuth  nitrate  Bi(N03)3 ; if 
part  only  is  replaced  we  have  basic  nitrates 
BiH0(N03)2  and  Bi(H0)2N03. 
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1|arded  as  chemical  shorthand  f it  consists  of  a , 
grouping  of  the  symbols  of  the  elements  composing! 
the  body,  with  numbers  attached  to  these  symbols 
indicating  the  proportions  in  which  the  elements 
occur  in  the  body  ; when  no  number  is  attached  to 
tlie  symbol  of  an  element,  the  number  one  is  under- 
stood. We  will  now  show,  by  a few  examples,  how 
to  construct  the  formulae  of  acids  and  salts. 

An  acid  is  simply  a compound  of  an  acidulous 
radicle  with  hydrogenT  Hydrogen  being  a univalenF 
element,  a univalent  acidulous  radicle  will  unite  with 
and  be  saturated  by,  one  atom  of  hydrogen ; thus : 


A bivalent  acidulous  radicle  will  require  two 
atoms  of  the  univalent  hydrogen  to  saturate  it ; thus  : 

HlSOl1  is  the  formula  of  sulphuric  acid. 


A trivalent  acidulous  radicle  will,  in  its  turn, 
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of  aT'ooay  by  means  of  symbols,  which  may  be  re- 


A formula  is  a representation  of  the  composition 


H'Cl1  is  the  formula  of  hydrochloric  acid. 
ITNO3  ,,  „ nitric  acid. 

fTCgH-Ps  ,,  „ acetic  acid. 


oxalic  acid, 
tartaric  acid. 
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require  three  atoms  of  hydrogen  to  saturate  it  and 
form  an  acid  ; thus  : 

H3BO311  is  the  formula  of  boracic  acid. 

H3PO411  ,,  „ phosphoric  acid. 

„ ,,  citric  acid. 

A quadrivalent  acidulous  radicle  will  require  four 
atoms  of  hydrogen  to  saturate  it  and  form  an  acid  : 
thus : 

H^SiO^  is  the  formula  of  silicic  acid. 

HlFoC6NgV  ,,  „ hydroferrocyanic  acid. 

The  student  can  therefore  construct  the  formula 
of  any  acid  by  remembering  the  formula  and  auan- 
ti valence  of  the^acidulous'Tadicle  of  that  acid,  and 
^KeiT  uniting  the  radicle  withTits  equivalent  number 
of  hydrogen  atoms. 

The  construction  of  the  formulae  of  salts  is  as  easy 
as  that  of  acids,  though  some  of  them  may  appear,  at 
first,  more  complex.  We  will  first  consider  the 
formulae  of  salts  containing  univalent  acidulous 
radicles. 

Chloride  of  sodium  is  formed  by  the  union  of  the 
univalent  element  sodium  with  the  univalent  radicle 
chlorine ; its  formula  is  therefore 

Na’Cl1. 

In  the  case  of  chloride  of  barium,  two  equivalents 
of  the  univalent  radicle  chlorine  will  be  required  to 
satisfy  the  bivalent  metal  barium  j the  formula  is 
therefore  : 

Ba"ClJ. 

Nitrate  of  bismuth  will  require  three  equiva- 
lents of  the  univalent  nitric  radicle  to  satisfy  one 
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equivalent  of  the  trivalent  metal  bismuth  \ its  formula 
is  therefore  : 

Bi'^NCgj. 

Chloride  of  platinum  will  require  four  equivalents 
of  the  univalent  radicle  chlorine  to  satisfy  one  equiva- 
lent of  the  quadrivalent  element  platinum  ; its  formula 
is  therefore : 

Pt"'Cl|. 

We  will  next  take  a few  examples  of  the  formulae 
of  salts  containing  bivalent  acidulous  radicles. 

Sulphate  of  potassium  is  composed  of  the  univalent 
metal  potassium  united  with  the  bivalent  sulphuric 
radicle ; two  equivalents  of  the  former  will  therefore 
be  required  to  satisfy  one  of  the  latter,  so  that  the 
formula  is  : 

KiSO”. 

Carbonate  of  calcium  consists  of  the  bivalent 
metal  calcium  united  with  the  bivalent  carbonic 
radicle ; one  equivalent  of  each  will  therefore  satisfy 
one  another,  so  that  the  formula  is  : 

CauCO^. 

The  formula  of  citrate  of  potassium  requires  the 
union  of  the  univalent  element  potassium  with  the 
trivalent  citric  radicle  ; three  atoms  of  the  former  will 
satisfy  one  equivalent  of  the  latter  ; the  formula  is 
therefore  : 

KiC6H50f. 

The  formula  of  phosphate  of  calcium  requires  the 
union  of  the  bivalent  metal  calcium  with  the  trivalent 
phosphoric  radicle.  Now,  three  equivalents  of  the 
bivalent  calcium  will  satisfy  two  equivalents  of  the 
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trivalent  phosphoric  radicle,  for  they  will  then  both 
possess  an  atom-fixing  power  represented  by  six ; the 
formula  is  therefore : 

Ca'i(P04)*ii. 

Citrate  of  bismuth  being  composed  of  the  trivalent 
metal  bismuth  united  with  the  trivalent  citric  radicle, 
an  equivalent  of  each  will  form  a saturated  compound  ; 
the  formula  is  therefore  : 


Bi‘iiC6H5017ii. 


We  will  lastly  give  two  examples  of  the  formulae 
of  salts  containing  quadrivalent  acidulous  radicles. 

The  formula  of  ferrocyanide  of  potassium  requires 
the  union  of  the  univalent  metal  potassium  with  the 
quadrivalent  radicle  of  ferrocyanides.  Evidently, 
four  equivalents  of  the  former  will  satisfy  one  of  the 
latter ; the  formula  is  therefore  : 

KiFeCy’v. 

Silicate  of  calcium  is  composed  of  the  bivalent 
metal  calcium  united  with  the  quadrivalent  silicic 
radicle  ; two  equivalents  of  the  former  will  therefore 
satisfy  one  of  the  latter  ; the  formula  is  therefore  : 


OafSiOi* 


The  student  will  find  it  good  practice  to  write  out 
the  formulae  of  the  following  salts,  and  have  the  results 
looked  over  by  a teacher  or  some  other  competent 


person  : — 


U\ 

^vi>i 


Iodide  of  potassium, 
romide  of  magnesium, 
.cetate  of  copper, 
hlorate  of  calcium. 


w 

V$b°V 


Cyanide  of  leach  VT 
Tartrate  of  silver.  vM 
Carbonate  of  sodium. 
Oxalato  of  calcium. 


>0 


c/ 


tj). 


Hr 


So 
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On  Page  18.  Avo^aiWa  liypnt.hpgig  wa.  enunciat'd^, 


Sulphite  of  zinc. 

, Oxalate  of  bismuth. 
Borate  of  sodium. 
Phosphate  of  lead. 


IPar'Wk' 


Citrate  of  magnesium^^t^""* 
Silicate  of  potassium.  K,  V-1 


Ferrocyanide  of  zinc. 
Ferricyanide  of  lead. 


“ that  equal 


of  all  gases  contain 


the 


y 


number  pf  molecules (at  thfTaarne  temperalnrA  ainiy  ^ 


"pressure^"~**^o m e important  deductions  from  this  law 


will  now  be  considered. 


f ' If  we  conceive  a cubical  box  of  a certain  size  filled 
^ with  hydrogen,  and  a box  of  exactly  the  same  size 
filled  with  chlorine,  according  to  the  above  law  these 
boxes  will  each  contain  exactly  the  same  number  of 
particles.  Suppose  the  number  of  particles  of  hydrogen 
to  be  1,000,  then  the  number  of  particles  of  chlorine 
will  also  be  1,000.  Now,  if  we  cause  these  volumes 
of  hydrogen  and  chlorine  to  combine  by  mixing  them 
and  exposing  them  to  daylight  we  shall  obtain,  as  a 
matter  of  fact,  a volume  of  hydrogen  chloride  gas 
exactly  double  that  of  the  hydrogen  originally  taken. 

As  the  volume  of  the  hydrogen  chloride  is  twice  that 
of  the  hydrogen,  it  must  contain  twice  as  many 
particles,  that  is  2,000,  and  each  and  every  one  of 
these  particles  of  HC1  contains  both  hydrogen  and. 
chlorine,  therefore  there  must  be  2,000  particles  of 
H and  2,000  of  Cl  in  the  2,000  of  HC1,  and  these 
were  derived  respectively  from  the  1,000  particles  of 
free  hydrogen  and  the  1,000  particles  oifree  chlorine. 

It  follows,  therefore,  that  each  particle  of  free  hydrogen 
divided  into  two  particles  when  it  combined  with  the 
chlorine,  and  that  each  particle  of  free  chlorine  similarly 
divided  into  two  when  it  combined  with  the  hydrogen. 
.^The  particle  of  free  hydrogen  is  called  a molecule , and  | \ 
j |the  two  particles  mto  whlcini  splliy  UPB  called  atoms,  I \ 
’ *and  we  say  that  the  molecule  of  hydrogen  contains  * » 
two  atoms,  and  we  write  the  symbol  for  the  molecule 
H2 ; similarly  the  molecule  of  chlorine  is  Cl2.  In  a 
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similar  way  it  can  be  shown  that  the  molecule  of 
oxygen  and  of  some  other  elements  contains  two  atoms. 
Another  important  deduction  is  the  following  : — 
A^_^qualvnlumes  of  all  gases  contain  the  same 
numLer  of  molecules,  the  weitmts  of  Mil  ill  voluiM  (Jf" 
gases  must  be  proportional  to  the  weights  oftlieir4' 
ViJUUhclrve  molecules.  " J 

-Wow,  we  have  just  seen  that  the  weight  of  the 
molecule  of  hydrogen  is  twice  that  of  the  atom ; if  we 
assume  the  weight  of  the  atom  of  hydrogen  to  be  1, 
the  molecular  weight  will  be  2,  and  if  we  take  the 
specific  gravity  of  hydrogen  as  our  unit  for  the 
specific  gravity  of  gases,  then 


Sp.  gr.  of  H 


molecular  weight 
2 


As  the  specific  gravities  of  all  gases  are  proportional 
to  their  molecular  weights,  the  same  argument  holds, 
and  so  we  may  say  that 

the  sp.  gr.  of  any  gas  or  vapour  = ^no^eci^ai  weight, 

2 

or,  the  molecular  weight  = 2 x sp.  gr.  (H  = 1). 
We  thus  have  a means  of  finding  the  molecular 
weight,  pf  any  substance  if  we  can  obtain  it  as  a gas 
or  vapour,  and  determine  its  specific  gravity  in  that 
' sfate. 

,LThe  sp.  gr.  of  0 is  16,  and  its  molecular  weight  32, 
its  atomic  weight  16,  and  its  molecule  09,  since 
32  _ 

16 

Sp.  gr.  of  bromine  is  80,  m.  w.  160,  Br2. 

Sp.  gr.  of  mercury  vapour  is  100,  m.  w.  200,  and  as 
its  molecular  weight  and  atomic  weight  are  identical, 

its  molecule  contains  but  one  atom  /^^=:l\  and 

V200  r 

its  molecule  is  Hg,  the  same  as  its  atom 


i 


i 
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In  the  same  way  the  molecules  of  zinc,  cadmium, 
potassium,  and  sodium  are  found  to  contain  buT  one 
atom,  Zn,  Cd,  K7"N a. 

Sp.  gr  of  ph  osphorus  yapour  is  62,  m.  w.  124,  now 

124 

the  atomic  weight  is  3 1 , and  — — = 4, 

O 1 

therefore  the  molecule  of  phosphorus  contains  four 
atoms,  P4 ; in  a similar  way,  the  molecule  of  arsenic 
is  found  to  be  As4. 

Many  elements,  as  platinum,  gold,  iron,  etc.,  have 
not  had  their  vapour  densities  satisfactorily  deter- 
mined, owing  to  the  high  temperature  required  to 
effect  their  volatilisation,  and  we  are  therefore  ignorant 
of  their  molecular  weights. 

The  following  table  gives  a list  of  those  elements 
whose  vapour  density  has  been  determined,  and  the 
symbols  of  their  molecules  deduced  therefrom  : — 


II 


• .v ; 


Sp.  Gr. 

Sp.  Gr. 

^h2 

1 

Seo 

79 

-o2 

1G 

tr 

62 

-Na 

14 

As4 

150 

‘F2 

19 

AN  a. 

,..  11-5 

-Cla 

35-5 

Ki 

19-5 

Br2 

80 

Zrij 

32*5 

I2 

127 

Cdj 

...  56 

S6  below  500 
So  at  900° 

° 96 
32 

...  100 

It  will  be  observed  that  nine  elements  have  two 
oms  in  the  molecule,  five  Imve  only~one,  two  have 
our,  one  has  six ; in  addition,  it  may  be  mentioned 
hat  the  molecule  of  ozone,  a special  form  of  oxygen, 
has  three,  03. 

There  is  a second  method  of  determining  the 
molecular  weights  oFTubstances,  by  noting  the  de- 
pression of  the  freezing  point  of  a solvent  (water, 
benzene  or  glacial  acetic  acid)  when  the  substances 
are  dissolved  in  it.  Raoult  has  proved  that  when 
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molecular  weights  of  different  substances  are  dissolved 
in  the  same  amount  of  a solvent,  they  show  the  same 
depression  of  their  freezing  points.  Glacial  acetic 
acid  is  the  solvent  usually  employed,  and  the  method 
has  been  chiefly  used  for  organic  substances  ; when 
glacial  acetic  acid  is  used, 


grammes  of  substance  in 

100  grammes  of  solvent 

the  molecular  weight  = 39  x rr — j ; : — » 

0 the  depression  in  freez- 

ing point 

(see  Organic  Chemistry,  Chapter  II.). 

The  statement  that  the  specific  gravity  of. a gas  or 
vapour  is  one  half  its  molecular  weight,  holds  good 
lor  compounds  as  well  as  elements ; tnus  the  specific 

.17 

gravity  of  ammonia  (NH3)  is  — = 8*5  ; of  alcohol 

2 


vapour  (C2H60), 
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= 23 ; of  carbon  dioxide  (C02), 


There  are  some  apparent  exceptions  to 


this  law  in  the  case  of  ammonium  chloride,  calomel, 
etc.,  which  will  be  discussed  hereafter. 

It  will  be  convenient  here  to  distinguish  between 
atomic  weight,  molecular  weight,  and  equivalent 
weight. 


Atomic  weight  applies  only  to  elements,  and 
has  already  been  aennea  and  discussed  on  p.  idT 

Molecular  weight. — The  molecular  weight  of 
any"  body  (solid , liquid,'  or  gas)  is  the  sum  of  the 
atomic  weights  of  the  elements  composing  its  mole- 
cule. Thus,  the  molecular  weight  of  oxygen  is  32. 


02  = 16  x 2 = 32. 

The  molecular  weight  of  hydrochloric  acid  is  365. 
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* 

H = 1 
Cl  = 35-5 

36-5 


The  molecular  weight  of  nitric  acid  is  63. 

H = 1 

N =14 

03  = 16  x 3 = 48 

63 

Sulphuretted  hydrogen. 

H2  = 1 x 2 = 2 
S " =32 

34  molecular  weight. 


Ammonia  gas. 

N = 14  ' 

Hg  = 1x3=  3 

17  molecular  weight. 

o 


Equivalent  weight 


Atomic  weight. 
Active  valency. 


Thus,  oxygeh  at  weight  16,  valency  2,  equivalent 
weight  = i±  = 8,  or  eight  parts  by  weight  of  oxygen 
will  combine  with  one  part  by  weight  of  hydrogen, 
as  in  water  H20.  Again,  if  we  place  a bar  of  bright 
* iron  in  a solution  of  copper  sulphate,  the  iron  will 
dissolve  and  the  copper  will  be  deposited  in  equivalent 
weights.  The  atomic  weight  of  iron  is  66,  and  in 
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the  ferrous  state  it  is  divalent.  Atomic  weight  of 
coppei  is  63  5,  and  it  is  divalent.  So  equivalent 

v eights  will  be  — and  — — or,  in  other  words,  28 

parts  of  iron  will  be  dissolved  in  order  to  deposit 
31-75  parts  of  copper. 

Equivalent  weights  are  important,  because  they 
gye  the  weights  , of  elements  and  radicles  which  are  ■ 
liberated. w^en  an  electric  current  is  passed  thrmT^T  | 
a senes  of  solutions.  Thus,  if  we  send  a current'  ]» 
through  four  vessels^  containing  respectively  : (1) 
acidulated  water;  (2)  salt  solution,  NaCl ; (3)  copper 

Sll  ?nA7A  80luti0n’  (4)  gold  cyanide  solution 

Au(CN)3;  if  1 gramme  of  hydrogen  is  liberated  in 
the  first  vessel,  we  shall  have  in  the  second  23 
grammes  of  sodium  and  35-5  grammes  of  chlorine,  in 

the  third  — — = 31*75  grammes  of  copper,  and  in 

197 

the  fourth  — — =65-7  grammes  of  gold. 

An  element  can  only  have  one  atomic  weight,  but 
it  may  have  several  equivalent  weights,  because  its 
valency  may  vary.  Thus,  the  equivalent  weight  of 

56 

iron  in  the  ferrous  salts  is  y = 28 ; in  the  ferric 
salts,  ~=  18-6. 

O 


USES  OF  TERMINATIONS. 

In  order  to  apply  the  correct  names  to  the  various 
chemical  compounds,  the  student  must  become  ac- 
quainted with  the  different  terminations  used  in  speak 
mg  of  the  various  acids,  salts,  etc.  For  instance,  he 
will  continually  have  to  use  the  terms  chloride,  iodide 
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sulphite,  sulphate,  and  will  often  come  across  acids  and 
salts,  to  the  names  of  which  the  terminations  -ous  and 
-ic  are  affixed,  such  as  sulphurous,  nitrous , sulphuric, 
and  nitric  acids , ferrous,  ferric,  mercurous  and  mer- 
curic salts.  We  will  now  proceed  to  explain  the  uses 
of  the  different  terminations. 

Sometimes  an  element,  in  uniting  with  hydrogen 
and  oxygen  to  form  an  acid,  unites  with  different 
quantities  of  oxygen  to  form  different  acids ; the  ter- 
mination -ic  is  then  applied  to  the  acid  containing  the 
most  ox  Viren,  and  the  termination  -ous  to  that  con- 


taining the  smaller  proportion  of  oxygen  ; thus 


H2S04  is  sulphuric  acid. 
HN03  is  nitric  acid. 
H3As04is  arsenic  acid. 
HClOg  is  chloric  acid. 


H2S03  is  sulphurous  acid. 
HN02  is  nitrons  acid. 
H3As03is  arsenions  acid. 
HC102  is  chlorous  acid. 


The  termination  -ate  is  applied  to  the  salt&_of  .those 
acids  that  possess  the  termination  -ic.  and  the  terming 
“Ts"  applied  to  the  salts  of  those  acids  that 
term  mate  iii  - ous  ; thus  : 


K2S04  is  sulphate 
KN03  is  nitrate 
K3As04is  arseniate 
KC103  is  chloric 


of 

potas- 

sium. 


K2S03  is  sulphite 
KN02  is  nitr ite 
K3As03is  arsen ite 
KC109  is  chloi’ite 


of 

potas- 

sium. 


Occasionally,  after  the  naming  of  a group  of  acids, 
an  acid  has  been  discovered  containing  a greater 
proportion  of  oxygen  than  the  one  to  which  the 
termination  -ic  was  applied  ; the  prefix  per-  (abbre- 
viation of  super,  above)  is  then  attached  to  the  name 
of  tTie  acid  endingTn'-7<^  to  distinguish  the,  new  acid ; 
thus  : 

HCICh  is  perchloric  acid, 

1IC103  being  chloric  acid. 

On  the  other  hand,  an  acid  is  sometimes  discovered 
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containing  a smaller  proportion  of  oxygen  than  the 
acid  to  which  the  termination  -ous  had  been  applied; 
the  prefix  hypo-  (signifying  under ) is  then  attached 
to  the  name  of  the  acid  ending  in  -ous,  to  distinguish 
the  new  acid  ; thus  :ltcu>  \ Mm/ 

H ufo,  - 

HC102  being  chlorous  acid, 

HC10  is  hypochlorous  acid. 


When  an  acid  contains  an  element  for  its  acidu-  j 
lous  radicle,  the  prefix  hydro-  (abbreviation  of  hydro- 
gen) is  used  ; thus  : 

HC1  is  hydrochloric,  acid. 

HF  is  Awhofl uoric  acid. 

HBr  is  Kydrobromlc  acid. 

HI  is  hydriohc  acid. 


% 


The  termination  -ide  is  used  in  connection  with 
those  compounds  which  contain  only  two  elements  or 
radicles. 


NaCl  is  chloride  of  sodium. 
KI  is  iodide  of  potassium. 
FeS  is  sulphide  of  iron. 
HgO  is  o xide  of  mercury. 


As  was  mentioned  in  the  article  on  the  quantiva- 
lence  of  the  elements,  some  elements  are  capable  of  ' 
exerting  different  combining  powers;  those  com- 
pounds in  which  an  element  is  exerting  its  full  com- 
bining power  are  distinguished  by  having  the  termin- 
ation -ic  attached  to  their  names,  the  termination  . ous 
being  "attached  to  the  names  of  those  compounds'‘~m 
which  the  element  is  exerting  part  of  its  combining 
power  only ; thus  : ^"r 

P20"  is  phosphoric  ) anhy-  P^Og  is  phosphorous  I anhy- 
As-JCfi1  is  arsenic  i dride.  As^'Og1  is  arsenio us  ) dride. 

Fe'^Cla  is  ferric  chloride.  Feu  Cl2  is  ferrows  chloride. 

SnIvCl]  is  stannic  chloride.  Sn1*  CI2  is  stannows  chloride. 
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Sometimes  the  prefixes  per-,  and  proto-  or  sub-,  are 
respectively  employed  instead  of  the  terminations  - ic 
and  -ous  ; thus,  ferric  chloride  may  be  called  perchlo- 
ride  of  iron,  and  ferrous  chloride  the  ^rotochloride  or 
m&chloride  of  iron ; stannic  chloride  may  be  called 
the  per  chloride  of  tin,  and  stannous  chloride  the  proto - 
chloride  or  su&chloride  of  tin. 
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CHAPTER  V. 

Chemical  Equations  — Classification  of  Chemical  Equations  — 
Methods  of  Writing  Chemical  Equations. 

CHEMICAL  EQUATIONS. 

The  changes  that  occur  when  two  or  more  sub- 
stances act  chemically  upon  one  another  are  repre- 
sented by  placing  on  the  left  the  formulae  of  the 
substances  as  they  exist  before  the  change,  connected 
with  each  other  by  the  sign  -f,  signifying,  as  in 
algebra,  addition  \ on  the  right  are  formulated  the 
substances  as  they  exist  after  the  change,  connected 
together,  as  before,  by  the  sign  +,  and  connected 
with  the  left-hand  portion  by  the  sign  of  equality  = ■ 
such  a collection  of  symbols  is  known  as  a chemical 
equation.  A thorough  knowledge  of  the  repre- 
sentation of  chemical  reactions  by  means  of  equations 
is  absolutely  necessary,  and  careful  attention  should 
be  given  to  this  subject.  An  endeavour  will  be  made 
now  to  simplify  the  matter  by  arranging  it  in  a 
systematic  and  definite  manner,  commencing  with 
reactions  that  are  represented  by  simple  equations, 
and  then  proceeding  step  by  step  to  the  representation 
of  the  more  difficult  and  complex  reactions. 

A large  number  of  chemical  reactions  come  under 
one  or  more  of  the  four  following  divisions,  in  each 
of  which  a typical  equation  constructed  of  letters 
represents  the  kind  of  action  taking  place 

a I 

I.  ANALYSIS  (di  d,  up ; Kvang,  separation)  : 

AB  = A + B. 
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II.  SYNTHESIS  ( avv , together ; Oicric,  placing)  : 
A + B = AB. 

TII.  SINGLE  DECOMPOSITION: 

AB  + C = A + BO. 

o 

or 

AB  + C = AC  + B. 


IV.  DOUBLE  DECOMPOSITION : 
AB  + CD  = AC  + BD, 
or 

AB  + CD  = AD  + BC. 


We  will  now  take  several  examples  of  equations 
that  come  under  these  four  heads  : — 

I.  ANALYSIS  (typical  equation  AB  = A + B). — 
Under  this  head  will  come  those  equations  which 
represent  the  splitting  up  of  a compound  body  into 
its  elements,  or  into  less  complex  bodies.  Thus, 
when  mercuric  oxide  is  heated,  it  splits  up  into  its 
elements  mercury  and  oxygen  : 

HgO  = Hg  + 0. 

(a)  This  equation  is  not  as  yet  quite  correct,  for  it 
represents  an  atom  of  oxygen  as  possessing  independent 
existence,  which  is  an  impossibility.  We  must,  there- 
fore, represent  two  molecules  of  mercuric  oxide  in  the 
equation,  which  will  then  produce  a molecule  of  free 
oxygen  (02)  which  is  capable  of  existing  in  the  free 
state ; thus : 

2HgO  ==  2Hg  + 02. 
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Che  mi cal  Equations. 

The  number  is  placed  before  the  Hg  to  represent 
two  molecules  of  mercury,  for  mercury  is  one  of  the 
Mth  ree  elements  (Hg,  Zn,  Cd)  that  contain  only  one 
<5tom  in  the  molecule. 

The  student  must  remember  to  represent  the 
existence  of  molecules  in  equations,  and  therefore 
equations  wtll  frequently  have  to  be  doubled,  as  in 
the  case  of  the  one  just  given.  In  order  to  refer 
to  a few  more  equations  that  come  in  the  first 
division  (Analysis),  we  will  take  the  three  following 
examples 

( b ) Oxide  of  silver  when  heated  splits  up  into 
silver  and  oxygen  : 

2Ag30  = 4Ag  + 02. 

(c)  The  following  equation  represents  the  decom- 
position of  water  into  its  elements,  a decomposition 
that  can  be  brought  about  by  means  of  electricity  : — 

2H20  - 2H2  + 02. 

In  this  equation  two  molecules  of  H20  are  taken, 
so  that  the  liberation  of  a molecule  of  oxygen 
may  be  represented. 

(d)  The  next  equation  represents  the  manner  in 
which  chlorate  of  potassium  ('KOlO.d  splits  up,  when 
heated,  into  chloride  of  potassium  and  oxygen  : 

2KC103  = 2KC1  + 302. 

The  equation  KC103  = KCL  + 30  would  not  be 
correct  since  it  represents  the  formation  of  a mole- 
cule and  a half  of  oxygen,  and  half  a molecule  is 
incapable  of  a free  existence.  The  large  number  2 
placed  before  the  KC103  multiplies  everything  after 
it  as  far  as  the  sign  = ; the  small  3 placed  under  the 
O is  therefore  multiplied  by  the  large  2. 
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II.  SYNTHESIS  (typical  equation  A + B = AB). 
— Equations  of  this  kind  represent  the  combination 
together  of  elements  to  form  compounds,  and  also 
the  combination  of  simple  compounds  to  form  more 
complex  compounds. 

(a)  The  following  equation  represents  the  forma- 
tion of  water  by  the  union  of  hydrogen  and  oxygen  : 

2PI2  4-  02  = 2H20. 

The  equation  H2  + O = H20  would  not  be  correct, 
as  O represents  an  atom  of  oxygen  which  cannot 
exist  in  the  free  state  (it  will  not  be  necessary  to 
explain  again  why,  in  similar  equations  to  this,  the 
double  number  is  taken  to  prevent  the  representation 
of  a free  atom). 

( b ) The  next  equation  represents  the  formation 
of  sulphide  of  iron  (FeS)  by  the  union  of  iron  and 
sulphur  (which  can  be  effected  by  means  of  heat)  : 

2Fe  + S2  = 2 FeS. 

(c)  The  following  equation  represents  the  forma- 
tion of  sulphur  dioxide  (S02)  by  the  combustion  of 
sulphur  in  oxygen  : 

S2  + 202  = 2S02. 

III.  SINGLE  DECOMPOSITION  (typical  equa- 
tions AB  + C = A + BC  and  AB  + C = AC  + B). 
— The  student  will  meet  with  numerous  equations  of 
this  kind  in  the  study  of  Chemistry.  The  following 
are  a few  examples  : 

(a)  The  action  of  zinc  on  hydrochloric  acid  (HC1), 
when  chloride  of  zinc  (ZnCl2)  is  formed  and  hydrogen 
set  free : 


Zn  + 2HC1  = ZnCl2  + H2. 
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(6)  The  action  of  iron  on  dilute  sulphuric  acid 
(H2S04),  when  sulphate  of  iron  (FeS04)  is  formed  and 
hydrogen  set  free  : 

2Fe  + 2H3S04  = 2FeS04  + 2H3. 

(c)  The  reduction  of  oxide  of  copper  (CuO)  to  the 
metallic  state  by  means  of  charcoal,  a decomposition 
that  is  effected  by  heating  the  two  together,  when  the 
carbon  abstracts  the  oxygen,  forming  carbon  dioxide 

(C02)  : 

2CuO  + C = 2Cu  + C02. 

(d)  The  formation  of  reduced  iron  (finely-divided 
iron),  which  is  obtained  ^by’passing  hydrogen  over 
heated  ferric  oxide  (Fe303),  when  the  hydrogen  ab-' 
stracts  the  oxygen,  with  the  formation  of  water  and 
free  iron : 

Fe203  + 3H2  = 2Fe  + 3H20. 

In  this  equation  it  is  necessary  to  take  3H2  in 
order  to  furnish  sufficient  hydrogen  to  unite  with  the 
three  atoms  of  oxygen  contained  in  the  Fe203. 

IV.  DOUBLE  DECOMPOSITION  (typical 
equations  AB  + CD  = AC  + BD  and  AB  + CD 
= AD  -f-  BC). — Equations  of  this  class  are  the  most 
general  that  the  student  will  meet  with,  reactions  of 
double  decomposition  being  of  most  common  occur- 
rence. We  will  take  several  examples  of  such 
equations. 

When  arLQxide_of-a  metal  dissolves  in  an  a.md  as 
a rule,  d oubleTfecompSTion  takes  ‘^ace^tP e ' metal  of 
the  oxide  uniting  with  the  acid  radicle  of  the  acid  to 
form  a salt,  and  the  oxygen  of  the  oxide  uniting  in 
its  turn  with  the  hydrogen  of  the  acid  to  form  water  : 
thus  : 


56 


Chemistry. 


[Part  I. 


(a)  Equation  representing  the  action  of  hydro- 
chloric acid  (HC1)  on  oxide  of  zinc  (Z11O) : 

ZnO  + 2HC1  = ZnClo  + H20. 

( b ) Equation  representing  the  action  of  nitric 
acid  (HNO3)  on  oxide  of  copper  (CuO)  : 

CuO  + 2HN03  = Cu(N03)2  + H20. 

« 

(c)  Equation  representing  the  action  of  hydro- 
chloric acid  (HC1)  on  ferric  oxide  (Fe003)  : 

Fe203  + 6HC1  = 2FeCl3  + 3H20. 

r When  a hydrate  of  a metal  dissolves  in  an  acid 

Hydrate  unitiflg  Wftll  Llnrrtcid  -radicle  of  the  acid  to 
tjorm  a salt,  and  tFe^radicTe  of~the  hydrate  ~f!TO^  at 

Ithe  same  time  uniting  with  the  hydrogen  of  the  acid 
to  form  water ; thus  : 

( cl ) Equation  representing  the  action  of  hydro- 
chloric acid  on  caustic  potash  (potassium  hydrate  or 
hydroxide)  : 

KHO  + HC1  = KOI  4-  H20. 

( e ) Equation  representing  the  action  of  sulphuric 
acid  on  slaked  lime  (hydrate  of  calcium)  : 

Ca(HO)2  + H2S04  = CaS04  + 2H20. 

When  solutions  of  two  soluble  salts  are  mixed 
together  and  an  insoluble  salt  (called  the  precipitate) 
is  produced,  the"  Yeac £Ion  ~is~generall v one  of~ double 
decomposition  • thus  v 

t/ ) Equation  representing  the  precipitation  of 
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sulphate  of  barium  (BaSOJ  by  adding  sulphuric  acid 
(H2S04)  to  solution  of  chloride  of  barium  (BaCl2)  : 

BaCl2  + H2S04  = BaS04  + 2HC1. 

(g)  Equation  representing  the  precipitation  of 
carbonate  of  _calciunq  (CaC03)  by  the  addition  of  solu- 
tion of  carbonade-  of  sodium  (Na2C03)  to  solution  of 
chloride  of  calcium  (CaCh)  : 

CaCl2  + Na2C03  = 0a008  + 2NaCI. 

(Ji)  Equation  representing  the  precipitation  of 
mercuric  iodide  (IIgl2)  by  the  addition  of  solution  of 
iodide  of  potassium  (KI)  to  solution  of  mercuric 
chloride  (HgCl2) : 

HgCJ2  + 2KI  = Hgl2  + 2 KOI. 

Several  equations  are  more  complex  than  those 
that  have  been  given  as  yet,  the  products  of  decom- 
position being  frequently  more  numerous  than  two, 
and  sometimes  more  than  two  substances  taking  part 
in  a reaction.  Nothing  but  actual  practice  can  teach 
a student  such  reactions ; but  the  writing  of  equations 
can  be  very  much  simplified  by  a classification,  so  far 
as  that  is  practicable,  which  we  will  now  give,  together 
with  some  hints  that  may  prove  useful  on  the  methods 
of  writing  equations. 

(i)  The  number  of  atoms  on  the  right-hand  side 
of  an  equation  must  correspond  with  those  on  the 
left-hand  side ; this,  indeed,  is  evident  from  the 
position  of  the  sign  of  equality  ( — ),  for  one  side  of  an 
equation  could  not  be  equal  to  the  other  unless  the 
number  of  atoms  contained  on  the  one  side  corre- 
sponded with  those  on  the  other.  So  that,  after  writing 
an  equation,  the  student  should  always  verify  it,  by 
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seeing  if  the  number  of  atoms  are  equal  on  each 
side. 

C(ii)  Whenever  a hydrate  of  a metal  dissolves  in 
an  acid,  a salt  of  the  metal  and  water  are  produced. 


Examples. 


KHO 

Potassium 

hydrate. 

+ 

HC1  = 

Hydrochloric 

acid. 

KC1  + 

Potassium 

chloride. 

h2o 

Water. 

2KHO 

Potassium 

hydrate. 

+ 

h2so4  = 

Sulphuric 
. acid. 

k2so4  + 

. Potassium 
sulphate. 

2H30 

Water. 

Ca(HO)2 

Calcium 

hydrate. 

+ 2HC1  = 

Hydrochloric 

acid. 

CaCl2  + 

Calcium 

chloride. 

2H20 

Water. 

Zn(HO)3 

Zinc 

hydrate. 

+ 

h2so4  = 

Sulphuric 

acid. 

ZnS04  + 

Zinc 

sul  phate. 

2H20 

Water. 

2Fe(HO)s 

Ferric 

hydrate. 

+ 6HC1  = 

Hydrochloric 

acid. 

2FeClg  + 

Ferric 

chloride. 

6H20 

Water. 

Cu(HO)3 

Copper 

hydrate. 

+ 

2HN03  = 

Nitric 

acid. 

Cu(N03)3  + 

Cupric 

nitrate. 

2H30 

Water. 

When  commencing  to  write  an  equation  of  this 
class,  the  form ul se  of  the  hydrate,  acid,  and  salt  formed 
should  first  be  written  down,  the  formula  of  the  salt 
will  then  usually  indicate  the  number  of  molecules  of 
hydrate  and  acid  required. 

* (iii)  When  an  oxide  of  a metal  dissolves  in  an 
acid,  as  a rule,  a salt  of  the  metal  and  water  are 
produced,  the  only  exceptions  being  the  peroxides  or 
higher  oxides  of  the  metals. 

f>,  0V  ^ & '' 
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BaO 

+ 

2HC1  = 

BaCl2  + 

h3o 

Barium 

oxide. 

Hydrochloric 

acid. 

Barium 

chloride. 

Water. 

CaO 

+ 

2HC1  = 

CaCl3  + 

Calcium 

chloride. 

h2o 

Water. 

Calcium 

oxide. 

Hydrochloric 

acid. 

MgO 

+ 

h2so4  = 

MgS04-  + 

H00 

Jagnesium 

oxide. 

Sulphuric 

acid. 

Magnesium 

sulphate. 

Water. 

Fe203 

+ 

6HC1  = 

2FeCl3  + 

o 

c. 

K 

CO 

Ferric 

oxide. 

Hydrochloric 

acid. 

Ferric 

chloride. 

Water. 

Sb203 

+ 

6HC1  = 

2SbCl3  + 

3H20 

Antimony 

oxide. 

Hydrochloric 

acid. 

Antimony 

chloride. 

Water. 

PbO  + 2HN0g  = Pb(N03)3  + H20 

Lead  Nitric  Lead  ° Water, 

oxide.  acid.  nitrate. 

CuO  + 2HNO3  = Cu(N03)2+  H00 

Copper  Nitric  Copper  ~ Water, 

oxide.  acid.  nitrate. 


As  indicated  on  the  previous  page,  it  is  best  to 
write  down  the  formulae  of  the  oxide  and  the  acid 
employed  on  the  left-hand  side  of  the  equation,  and 
the  formula  of  the  salt  produced  on  the  right.  It 
will  then  be  obvious  how  many  molecules  of  the  acid 
should  be  taken  : thus,  in  the  last  equation  of  the 
above  group,  the  formula  Cu(N03)2  indicates  that 
2HN03  must  be  taken  to  furnish  “the  (N03)2,  the 
2Ii  of  the  acid  and  the  O of  the  oxide  will  then  be 
in  the  proportion  to  form  water. 

(iv)  Whenever  a carbonate  of  a metal  dissolves 
in  an  acid,  a salt  of  the  metal,  water,  and  carbon 
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dioxide  (carbonic  acid  gas)  are  produced,  the  latter 
being  evolved  with  effervescence.  , 


Examples. 

K3C03  + 2HC1  = 

= 2KC1  + 

co3 

+ 

HoO 

Potassium  Hydrochloric 

Potassium 

Carbon 

Water. 

carbonate.  acid. 

chloride. 

dioxide. 

Na3C03  + H3S04  = 

= Na2S04  -+■ 

co3 

+ 

HoO 

Sodium  Sulphuric 

Sodium 

Carbon 

Water. 

carbonate.  acid. 

sulphate. 

dioxide. 

OaC03  + 2HN08  = 

= Ca(N03)2  + 

co2 

+ 

HoO 

& 

Calcium  Nitric 

Calcium 

Carbon 

Water. 

carbonate.  acid. 

nitrate. 

dioxide. 

In  these  equations  the  radicle  of  the  carbonate 
C03  splits  up  into  C02  and  O,  the  former  escaping 
and  the  latter  uniting  with  the  H2  of  the  acid  to  form 

water.  . . 1 

(v)  When  a metal  dissolves  in  hydrochloric  cicia, 

I a chloride  of  the  metal  if  always  formed,  and  hydrogen 

evolved.  ■ 

Examples. 

Zn  + 2HC1  = ZnCl2  + H2 

Zinc.  Hydrochloric  Zinc.  Hydrogen, 

acid.  chloride. 


2Fe  + 4HC1  = 2FeCl2  + 2H3 

Iron  Hydrochloric  Ferrous  Hydrogen, 

acid.  chloride. 

(vi)  When  a metal  dissolves  in  dilute  sulphuric 
acid , a sulphate  of  the  metal  is  always  ' formed  and 
hydrogen  evolved. 

Examples. 


Zn  + h2so4 

Zinc.  Sulphuric 

acid. 


ZnS04  + Ho 

Zinc  Hydrogen, 

sulphate.  * 
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2Fe  + 2H2S04  = 2FeS04  + 2H2 

Iron.  Sulphuric  Ferrous  Hydrogen, 

acid.  sulphate. 

(vii)  When  a metal  dissolves  in  strong  sulphuric 
acid,  a sulphate~of  the  metal  is  formed  and  sulphur 
dioxide  fSOA  evolved,;  the  only  comm™ 
sulphates  are  made  by  the  action  of  strong  sulphuric  { 
acid  on  them  are  copper,*  mercury,  and  silver. 

Examples. 

2Cu  + 4H2S04  = 2CuS04  + 2S02  + 4HaO 

Copper.  Sulphuric  Copper  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Hg  + 2H2S04  = HgS04  + S02  + 2H20 

Mercury.  Sulphuric  Mercuric  Sulphur  Water, 

acid.  sulphate.  dioxide. 


2Ag  + 2H„S04  = Ag9S04  + S02  + 

Silver.  Sulphuric  Silver  Sulphur 

acid.  ' sulphate.  dioxide. 


2H20 

Water. 


It  will  be  noticed  that  twice,  as  much  acid  is. 
aken  as  is  required  to  furnish  S04  for  the  sulphate, 
he  extra  S04  splitting  up  into  S02  and  02,  the 
ormer  escaping  and  the  latter  uniting  with  the 
lydrogen  of  the  acid  to  form  water. 

(viii)  The  ordinary  metals  (with  the  exception  of 
tin,  antimony.,  .arsenic^  and  zinc),  when  acted  upon 
with  slightly  diluted  nitric  acid,  form  metallic  nitrates 
and  evolve  nitrogen  dioxide  (NO).  Iaw  t -v 

• ^ *u.  - 

Examples. 

6Ag  + 8HN03=  6AgN03  + 2NO  + 4H20 

Silver.  Nitric  acid.  Silver  Nitrogen  Water. 

nitrate.  dioxide. 

3Cu  + 8HN0.,=3Cu(N03)2+  2NO  + 4H20 

Copper.  Nitric  acid.  Copper  Nitrogen  Water. 

nitrate.  dioxide. 
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3Pb  +8HNOs=3Pb(N"-i)3+  2N0  + 4H,0 

Lead.  Nitric  acid.  Lead  Nitrogen  Water. 

nitrate.  dioxide 

3Hg  +8HNO.,=3Hg(NOs)3+  2NO  + 4H,0 

Mercury.  Nitric  acid  Mercuric  Nitrogen  Water. 

/ nitrate.  dioxide. 

2Bi  + 8HN03=2Bi(N03)3  + 2NO  + 4H30 

jfeismuth.  Nitric  acid.  Bismuth  Nitrogen  Water. 

nitrate.  dioxide. 

In  all  these  equations  eight  molecules  of  nitric- 
acid  (8HN03)  are  taken;  a sufficient  number  of 
atoms  of  the  metal  are  then  worked  into  the  equation 
to  unite  with  six  out  of  the  eight  equivalents  of  the 
nitric  radicle  present  in  the  eight  molecules  of  nitric 
acid,  the  remaining  two  equivalents  of  the  nitric 
radicle  (2N03)  then  split  up  into  2NO  and  40,  the 
former  escaping  and  the  latter  uniting  with  the 
hydrogen  of  the  nitric  acid  to  form  water. 
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Symbol , H ; molecule , H2  ; monad ; atomic  weight , 1 ; 
molecular  weigRT^l ; liquefies  at  — 253°. 


Hydrogen  exists  in  nature  principally  in  combination 
with  oxygen  in  the  form  of  water,  and  it  owes  the 
derivation  of  its  name  (from  vdojp,  water;  yevvciu), 
I produce)  to  the  fact  that  when  united  with  oxygen 
in  certain  proportions,  it  produces  water. 

I Modes  of  preparation.— Hydrogen  is 
most  conveniently  prepared  by  the  action  of  diluted 
^Dv^ulphurTc  acid  on  the  metal  zinc.  TPieces  oTgranu^ 
zinc”  are  placed  m a generating  flask,  to  which 
is  adapted  a cork  provided  with  a bent  deliverwuibe 
and  a long  funnel;  sufficient  water  is  then  poured 
into  the  flask  to  cover  the  zinc,  and  on  pouring  strong 
sulphuric  acid  down  the  funnel,  hydrogen  is  ^evblved 
with  brisk  effervescence,  and  may  be  collected  over 
water  (Fig.  1),  after  sufficient  time  has  been  allo^ml  to 
Big pge  for  the  escape  of  the  air  contained  in  the  fla^k. 
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+ 


H3S04 

Sulphuric 

acid. 


= ZnS04 

Zinc 

sulphate. 


+ h2 

Hydrogen. 


Hydrogen  so  obtained  is  never  pure,  it  may  con%  ^ 
tain  (1)  hydrogen  arsenide  from  the  arsenic  in  the  ^ 

N oxides  of  nitrogen  from  the  nitric  acid  in 


zinc 


the  sulphuric  acid  ; (3>  sulphur  dioxide  and  hydro- 
gen sulphide  if  the  sulphuric  acid*  becomes  heated 
during  the  reaction,  because  the  nascent  hydrogen 
then  reduces  the  sulphuric  acicl  ] water  vapour. 


\ 


pjg  Preparation  of  Hydrogen  from  Zinc  and  Sulphuric  Acid. 

These  impurities  can  be  removed  by  passing  the 
eras  through  four  U -tubes:  the  first  is  filled  with 
broken  glass  moistened  with  lead  nitrate  solution, 
this  removes  the  H2S  ; the  second  with  silver  sulphate, 
which  removes  the"  AsHs  ; the  third  contains  caustic 
potash,  which  removes  the  S02  and  oxides  of  nitrogen ; 
the  fourth  with  strong  sulphuric  acid,  which  removes 

m the  water. 

fO  In  a similar  manner  hydrogen  may  be  pre- 
r'nrhjrhv  the^ action  of  diluted  sulphuric  acid  on  the 

metal  iroiu. 

rife  -f  OH.SO.  =r  +• 

Iron.  Suljmuric  Ferrous  Hydrogen. 


I acid.  sulphate 

By  the  action  of  hydrochloric  acid  on  the 


’ V* 


/ 


» » 
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metal  zinc  or  on  the  metal  iron,  hydrogen  is  also 
6volved. 


Zn 

Zinc. 


+ 2HC1  = ZnCl2  + jl  j.  2 


Hydrochloric 

acid. 


Zinc 

chloride. 


H; 

Hydrogen. 


Iron. 


+ 4frS-&  *5 


Hydrochloric 
acid. 


Ferrous 

chloride. 


4* 

Hydrogen. 


Hydrogen  may  be  obtained  from  water 
by  tlm  electrolysis  of  water  (see  water , page  74),  Q by 


/* 


abstracting  the  oxygen  irom  water,  by  passing  steam 
over  reci-liot  iron  turnings  contained  in  a heated  iron 


pipe  : the  ^i^mites  WLth  ihe  oxygen  ol  the.,  ste'ani' 


, and£^ 

free  hydrogen  nasses  on.  This  constituted*  Barff’s 

11  r h 


processor  coating  articles  made  of  iron  with  a thin 
coating  of  Hie  magnetic  oxide  of  iron,  which  forms 
an  extremely  hard  surface,  and  effectually  prevents 
any  future  rusting  o'f  the  article. 


3Fe 

Iron. 


+ 


4H20 

Water. 


FeA 

Magnetic 


0 


U *,1  U 


, oxide  of  iron. 


A 


action  of 'either  of  the  rmelals  ^potassium  /f 


or  sodium  on  water  at  ordinary  temperatures.  Both 
these  metals  are  lighter  than  water,  and  if  either  of 
them  be  thrown  upon  water,  a violent  action  takes 
place,  hydrogen-Being  evolved.  If  the  hydrogen  is  to 
be  collected,  it  is  necessary  to  catch  the  piece  of  potas- 
sium or  sodium  in  some  wire  gauze,  which  is  then 
held  beneath  the  water  under  an  inverted  jar  full  of 
water,  within  which  the  hydrogen  will  then  collect 

(Fig-  2). 

These  metals  liberate  one-half  of  the  hydrogen  of 
water,  uniting  with  the  oH’er  half  and  witn  the 


CU 

% 

$4 


the 





fir  Z-M 
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oxygen  to  form  respectively  the  hydrate  or  hydroxide 
of  the  metal,  thus  : 


2K  + 

2H30 

= 2KHO 

+ H2 

Potassium. 

Water. 

Potassium. 

hydrate. 

Hydrogen. 

2Na  + 

2H20 

= 2NaHO 

h2 

Sodium. 

Water. 

Sodium 

hydrate. 

Hydrogen. 

Fig.  2. — Preparation  of  Hydrogeu  from  Potassium  and  Water. 


Properties, — Hydrogen  is  a colourless,  tasteless, 
and  odourless  gas.  It  was  liquefied  first  by  Olszewski ; 
recently  Dewar  lias  obtained  it  in  larger  quantity  : he 
states  that  its  specific  gravity  is  0 07,  it  is  therefore  by 
far  the  lightest  liquid  known;  it  is  transparent  and 
| colourless,  and  boils  at  — -253°,  about  20°  above  the 
| absolute  zero  ( — 273°),  it  solidifies  at  — 257°  to  an  iee- 
Tike  solid.  It  is  the  lightest  body  known,  and  its  specific 
gravity  is  represented  as  1,  the  specilic  gravities  of 
other  gases  representing  the  number  of  times  they  are 
heavier  than  hydrogen  ; air  is  14 -I  times  heavier  than 
hydrogen.  The  weight  of  a litre  of  hydrogen,  taken 
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at  0°  0.  and  760  mm.  barometric  pressure,  is  *0896 
gramme,  and  is  known  as  tlie  crith  (from  qoiOq,  a 
barleycorn) ; 2 grammes  of  hydrogen  at  0°  C.  and  760 
mm.  barometric  pressure  occupy  22‘4  litres  (this  latter 
fact  will  be  found  extremely  useful  in  converting- 
weights  of  various  gases  into  volumes).  Hydrogen 
is  combustible,  burning  with  an  almost  invisible 
flame  if  pure,  and  forming,  by  union  with  the  oxygen 
of  the  air,  water  ; it  is  a non-supporter  of  combustion. 

By  the  term  combustion,  as  ordinarily  employed,  is 
meant  union  with  the  oxygen  of  the  air,  such  union 
being  accompanied  by  the  production  of  heat  and 
light,  so  that  combustion  may  be  defined  as  oxidation 
in  which  the  chemical  action  "is  sufficiently  great  to  be 
accompanied  by  the  evident  production  of  heat  and 
light.  It  must,  however,  be  clearly  understood  that 
the  terms  combustible  and  supporter  of  combustion 
are  purely  relative ; thus,  hydrogen  is  combustible 
ut~oTygen,  and' 'oxygen  is  a supporter  of  combus- 
tion ; but  if  the  atmosphere  consisted  of  hydrogen, 
then  oxygen  would  burn  in  it,  and  would  be  the 
combustible  body,  the  hydrogen  then  being  the 
supporter  of  combustion.  Itjdierefore  follows,  accord- 
ing to  the  accepted  meanings  of  these  terms’^  that 
' a““coinbitgtiMfe  'traimot-  be~afcso  a-  supporter  of 

combustion,  nor,  conT^^iy^^an'^r^ipporter  of  com- 
TTuijtiuii  be  oumbustiblu.”1  ■■■  - . — 

^Tte^Tormation  of  water  by  the  combustion  of 
hydrogen  can  be  demonstrated  by  allowing  the  jet  of 
hydrogen  to  burn  within  a cool  bell-jar,  when  the 
water  condenses  on  the  sides  of  the  glass  (Fig.  3). 

The  hydrogen  flame  is  accompanied  with  the  gene- 
ration of  intense  heat,  of  which  advantage  is  taken 
in  tlie  production  of  the  lime-light.  A jet  of  burning 
hydrogen  (produced  by  The  com Bustion . of  hydrogen 
with  pure  oxygen)  is  directed  on  to  a piece  of  lime, 
the  particles  of  which  are  raised  to  such  a high  tempera 
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ture  that  they  become  incandescent,  and  glowing  at  a 
white  heat  emit  the  dazzling  light  known  as  the  lime- 
light. The  reason  why  the  ordinary  hydrogen  flame 
emits  no"  light  is7 that  tnere  is  present  in  it  no  solid 
matter  that  can  be  raised  to  a white  heat  and  so  emit 


Fig.  3.— Formation  of  Water  by  the  Combustion  of  Hydrogen. 


light,  for  it  is  essential,  for  a flame  to  emit  light,  that 
'there  should  be  present  in  the  flame  some  solid  matter 
or  dense  vapour  capable  of  being  rendered  incandes- 
cent ; in  the  case  of  the  lime-light,  the  lime  is  the 
solid  matter  that  is  introduced  into  the  flame,  and  is 
rendered  incandescent  by  the  intense  heat  generated 
by  the  burning  hydrogen. 

When  a light  is  applied  to  a mixture  of  hydrogen 
and  oxygen,  the  union  of  the  two  gases  is  accompanied 
by  an  explosion ; two  volumes  of  hydrogen  unite  with 
one  volume  of  oxygen,  or  two  parts  by  weight  of 
hydrogen  with  sixteen  of  oxygen,  to  form  water. 

Hydrogen  is  not  appreciably  soluble  in  water  ; it 
is  not,  in  the  ordinary  sense  of  the  term,  a poisonous 
gas,  although  it  is  incapable  of  supporting  life.  It  is 
the  most  diffusible  of  all  the  gases ; by  diffusion  is 
meant  the  property  that  all  gases  have  of  mixing  with 
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one  another,  even  in  opposition  to  the  force  of  gravi- 
tation ; thus,  if  two  flasks  are  taken  (Fig.  4),  the 
lower  one  filled  with  oxygen  and  the  upper  one  with 


hydrogen,  and  are  connected  by  a long  piece  of  narrow 
glass  tubing  passing  through  a perforated  cork  in 
eacli  flask,  although  the  heavier  gas,  oxygen,  is  at  the 
bottom,  and  the  lighter,  hydrogen,  at  the  top,  yet  the 
hydrogen  will  tend  to  diffuse  downwards  into  the 
oxygen,  and  the  oxygen  will  tend  to  diffuse  upwards 
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into  the  hydrogen,  until  the  two  gases  are  completely 
mixed.  It  is  by  this  property  of  diffusion  that  a 
small  quantity  of  a bad-smelling  gas  escaping,  say 
into  the  corner  of  a room,  soon  demonstrates  by  its 
odour  that  it  has  become  mixed  with  the  entire  atmo- 
sphere of  the  room. 

All  gases  do  not  diffuse  at  the  same  rate,  lighter 
gases  diffuse  more  quickly  than  heavier  ones  ; the  rela- 
tion existing  between  the  rate  of  diffusion  of  a gas  and 
its  specific  gravity  is  formulated  in  what  is  known  as 
Graham’s  law  of  the  diffusion  of  gases, 
which~  isfffTiat  gases  diffuse  inversely  as  the  square 
roots  of  their  specific  gravities.  For  instance,  the  spe- 
cific gravity  of  hydrogen  is  1,  that  of  oxygen  1G;  the 
square  root  of  the  former  is  1,  of  the  latter  4 ; these 
numbers  inverted  give  the  rate  of  diffusion  of  hydro- 
gen as  four  times  that  of  oxygen. 

Hydrogen  is  a reducum  agent,  by  which  is  meant  j 
that,  under  certain  conditions,  it  is  capable  ot°  aT. 
) stracting  oxygen  from  many  bodies  containing  that 
element;  for  instance,  if  hydrogen  be  passed  over 
Fragments “^of  red-hot  copper  oxide,  the  oxygen  is 
abstracted  by  the  hydrogen  to  form  water,  the  copper 
oxide  being  reduced  to  the  metallic  state ; thus  : 


2CuO  + 2H3  = 2Cu  -f-  2H.0 

Copper  Hydrogen.  Copper.  Water, 

oxide. 


Test.— The  best  test  for  hydrogen  is  that  it  burns 
with  an  almost  invisible*  flame,  forming  nothing  but 
water.  It  is  also  the  lightest  of  all  the  ordinary  gases. 
In  some  respects  hydrogen  resembles  the  metals,  thus 
\ it  is  liberated,  1 i ko  tKe  ine^aTs^t  the  negative  elecF 
: trade.  It  is  also  absorbed  by  several  metals,  notably 
by  palladium  an <T pof assf uni,* forming  metallic-looking 
alloys  having  the  formulae  Pd  JT  and  K2H.  Liquid 
hydrogen,  however,  is  quite  unlike  a metallic  substance, 
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Symbol , O ; molecule , 02  ; dyad ; atomic  weight , 1 6 ; 
molecular  weight , 32  ; liquefies  at  — 183°. 

Oxygen  is  present  to  a very  large  extent  in  nature. 
In  the  compounds  composing  the  solid  crust  of  the 
earfJTTE’exists  in  considerable  proportions,  principally 
in  chalk  and  limestone  (calcium  carbonate — CaC08), 
sand  and  flint  (silica — Si03),  and  clary  (aluminium  sili- 
cate—A1^07  + 2H20).  It  constitutes  f by  weight 
of  water,  and  about  by  weight  of  air.  Its  name 
is  ftHTlTed  from  d£ile,  acid,  and  y evvcuS,  I produce, 
since  at  one  time  it  was  believed  that  it  entered  into 
the  composition  of  all  acids,  a belief  which  for  a long 
time  has  been  known  to  be  erroneous. 

Modes  of  preparation.— By  heating  mer- 
cunc  oxide  (red  oxide  of  mercu ry ) : ~ ™ ^ 


'A 


\ 

V 


/ 


2HgO 


Mercuric  oxide. 


Mercury 


This  method,  although  by  no  means  the  best  one 
for  obtaining  oxygen,  is  of  interest  from  the  fact  that 
it  was  in  this  way  that  oxygen  was  first  obtained  and 
discovered  by  Priestley  in  1771;  niercurv  possesses 
the  property,  when  heated  to  a temperature. of  320° 
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with  exposure  to  air,  of  slowly  absorbing  oxygen  from 
the  air,  and  forming  mercuric  oxijae,  which,  when  the 
lemperaiure  is  raised  a little  higher,  evolves  its  oxygen, 
ILhe  metal  mercury  being  left.  I In  1775  it  was  ob- 
tained independently  by  ^cheefle.  by  beating  strong 
sulphuric  acid  with  black  oxide  of  manganese  : ■ — 


Fig.  5.— Preparation  of  Oxygeft. 


2Mn02  + 2H2S04  = 

Manganese  Sulphuric 

black  oxide.  acid 


2MnS04  + 2H20  + 02 

Manganese  Water.  Oxygen, 

sulphate. 


# One  of  the  best  ways  of  obtaining  oxygen,  for 
experimental  purposes,  is  bv  beating  chlorate  of 
sium  in  a glass  flask,  to  which  is  fitted  a perforated 
cork  and  bent  tube  for  conveying  the  gas  to  a pneu- 
matic trough,  where  it  can  be  collected  over  water 
(Fig.  5). 

The  whole  of  the  oxygen  of  the  chlorate  of  potas- 
sium is  evolved,  chloride  of  potassium  being  left : 


2RC10,  = 2KC1  + 302 

Potassium  Potassium  Oxygen, 
chlorate.  chloride. 


© Oxygen  can  be  obtained  from  potassium 


y*~  i****c{  ALX-Ott,‘+£*4  -Cir-+£~4  o~ 
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chlorate  at  a much  lower  temperature  by  mixing  it 
with  one-fifth  of  its  weight  of  manganese  dioxide/ 


/ 


tw 


"the  chlorate  when 


oxygen  about 


heated  alone 
but  the  mixture 


begins 


to 


oxygen  at  _250°^  The 


gives 


manganese 


evolve 
off  its  , 


dioxide  is  found  - * 


I 


v 


unaltered  at  the  end  of  the  reaction,  and  can  be  used 
again“with  a fresh  quantity  of  potassium  chlorate. 
When  a substance  affects  a decomposition  in  this  way 
without  itself  being  apparently  altered  in  composition,  r, 
it  is  said  to  act  by  ^catalysis. 

(ivy  Oxygen  may  fie  oRained  by  strongly  heating 
manganese  dioxide  (black  oxide  of  manganese)  in 
a gun-barrel  closed  at  one  end,  and  fitted  at  the 
other  end  with  a perforated  cork  and  tubing  for  carry- 
ing off  the  gas.  The  manganese  dioxide  only  loses 
one- third  of  its  oxygen,  a lower  oxide  of  manganese 
being  leftl 

3Mn02..  = Mn304  + 02 

TTniU^uajw  Trimanganic  Oxygen, 
dioxide.  tetroxide. 

( v ) Oxygen  may  be  obtained  by  heating  powdered 
bichromate  of  potassium  with  strong  sulphuric  acid. 


G 


lK2Cr207  + 8H,S04  = 2Crs(S04)s  + 2K,SO.+ 

Polucciinn  ^Vnlr.bm»{n  /"IV.  C j ^ • ■* 


Potassium 

bichromate. 


^Sulphuric 
acid. 


8H30 

Water. 


+ 


Chromium 

sulphate. 

302 

Oxygen. 


Potassium 

sulphate. 


(vi)  Oxygen  may  be  obtained  from  water  by  two 
processes  : (aj  the  electrolysis  of  water,  and  (bj  decom- 
position of  it  by  means  of  chlorine. 

(tfl  Electrolysis  of  water"— ?\i\s  consists  in  decom- 
posing  water  into  its  elements  by  means  of  a 
current  of  electricity.  A glass  vessel,  a (Fig.  6),  is 
taken,  into  which  project  two  platinum  electrodes, 
• which  are  connected  through  the  bottom  of  the  vessel 
with  the  wires  b and  c,  which  in  their  turn  are 
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connected  respectively  with  the  positive  and  negative 
poles  of  a battery.  Some  water  acidulated  with  sul- 
phuric acid  (to  render  it  a better  conductor  of  elec- 
tricity) is  placed  in  a,  and  two  glass  tubes,  d and  e, 
are  filled  with  this  acidulated  water,  and  then  in- 
verted over  the  platinum  electrodes.  On  passing  the 
current  of  electricity,  the  water  is  decomposed  into  its 


elements,  the  hydrogen  being  set  free  at  the  negative 
pole  or  electrode  (c),  and  the  oxygen  at  the  positive 
pole  or  electrode  (b),  the  hydrogen  collecting  in  the 
tube  placed  over  the  negative  electrode,  and  the  oxygen 
in  the  tube  over  the  positive  electrode.  The  volume 
of  hydrogen  evolved  is  double  that  of  the  oxygen, 
although  if  the  volumes  of  the  gases  are  very  accu- 
rately compared,  it  will  be  found  that  the  oxygen 
measures  slightly  less  than  one-half  the  volume  of  the 
hydrogen,  this  slight  difference  being  due  to  the  greater 
solubility  of  oxygen  in  water,  as  compared  with 
hydrogen. 


Chap.  II.] 


Preparation  of  Oxygen. 


75 


((b)% Recomposition  of  water  biRchlovine.  — If  chlorine 
ano^team  be  passed  tWougti  a porcelain  tube  con~ 
taming  fragments  of  pumice-stone  heated  to  bright 
J-edness.  the  chlorine  unites  with  the  hydrogen  of 
jthe  water,  forming  hydrochloric  acid,  and  the  oxygen 
is  set  free  : 


2C13  + 2H30  = 4HC1  + 03 

Chlorine.  Water.  Hydrochloric  Oxygen. 

acid. 

If  the  mixture  of  hydrochloric  acid  gas  and 
oxygen  be  passed  through  a strong  solution  of  caustic 
potash,  the  former  is  absorbed,  potassium  chloride 
being  formed,  and  the  oxygen  is  then  obfejned  in  tht 
pure^state. 

flviiM  Oxygen  may  be  obtained  from  the  atmo- 
spheHg  in  which  it  naturally  occurs  mixed  with 
_ *JntrOgen  in  the  proportions  of  21  volumes  of  oxygnn  to 
79  of  nitrogen.  As  there  is  no  method  of  absorbing 
the  nitrogen  from  a limited  amount  of  air,  and  so 
leaving  the  oxygen  in  the  pure  state,  the  method  that 


b 


must  be  resorted  to 
oxygen  from  the  ai 
.contact  with  the  ai 

, if  it  is  desired  to  obtain  pure 
r,  is  to  heat  some  substance  in 

r,  which  at  one  temperature  wilf 

absorb  or  combine  with  the  oxygen  of  the  air, 

and  at  another  tern 

ierature  will  give  up  in  a pure 

state  the  oxygen  so 

taken  from  the  air.  The  simplest 

£ 


2BaO  + 03 

Baryta.  Oxygen". 


= 2BaO 


Barium 

dioxide 


1 


4 


The  baryta  'process. — This  process  depends  upon 
the  metal  bariuTil  possessing  two  oxides,  a lower  one, 
baryta  (BaO),  and  a higher  one,  barium  dioxide 


a09).  If  baryta  (BaO^  be  raised  to  a dull  red  heat,' 
and  air  be  passed  over  it,  the  oxygen  of  the  air  is 
absorbed,  converting  the  baryta  into  barium  dioxide 
(Ba02) : 


- I 
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If  now  the.,  barium  dioxide  be  raised  to  a bright 
red  heat,  it  is  resolved  into  baryta  and  oxygen,  and 
so  the  oxygen  absorbed  from  the  air  is  obtained  in  a 
pure  state  : ■ 


Instead  of  decomposing  the  barium  peroxide  by 
raising  the  temperature,  it  has  been  found  more 
advantageous  to  bring  about  the  reaction  by  reducing 
the  pressure  in  the  tube  or  furnace  containing  the 
heated  dioxide.  Care  is  also  taken  to  purify  the  air 
Js  from  carbon  'dioxide,  etc.,  before  passing  it  over  the 
| baryta  ; thus  modified  the  process  is  now  employed 
5 on  a manufacturing  scale  for  obtaining  pure  oxygen. 

Properties. — The  specific  gravity  of  oxygen  is 
1 6 : Tt  is  a little  heavier  than  air.  If  is  colourless. 
Tasteless,  and  odourless.  Although  non-combustible, 
it  Is  a powerful  supporter  of  combustion,  substances 
burning  m oxygen  much  more  brilliantly  than  they 
do  in  air.  For  instance,  phosphorus  burns  with  a 
most  intense  light  in  oxygen,  and  even  a steel-wire 
spiral  tipped  with  a piece  of  burning  tinder  and  placed 
in  a jar  of  oxygen  will  burn  brilliantly,  producing  a 
shower  of  sparks  (Fig.  7). 

At — 183°  oxygen  is  converted  into  a pale  blue 
liminf  which  m"attractecTby  a powerful  magnet. 

Ox-vcren  is  Soluble  in" 'water,  TOO  volumes Af  water 
dissolving  about  3 volumes  of  oxygen,  and  it  is  by 
• j means  of  this  dissolved  oxygen  that  fishes’  blood,  cir- 
I culatmg  tli rough  the  gills,  becomes  aerated.  Oxygen 
*is,  of  Obtuse,  hcm-poisoTmtl^f  berhg- the  life-sustaining 
principle  of  the  air  ; but  if  an  animal  be  kept  in  pure 
oxygen  it  rapidly  emaciates,  on  account  of  the  increased 
waste  of  tissue  substance  generated  by  the  absorption 
of  pure  oxygen  into  the  blood,  and  this  occurs  although 


2Ba03  = 2BaO  + 


Oxygen.. 


02 


Barium  Baryta, 

dioxide. 


Properties  of  Oxygen. 
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the  animal  may  be  plentifully  supplied  with  food, 
which  it  greedily  devours. 

Test- — The  best  test  for  pure  oxygen  is  one  de- 
pending upon  its  remarkable  power  of  supporting 
combustion  ; if  a piece  of  wood  which  has  been  made 
incandescent  or  glowing  at  one  extremity,  be  plunged 
into  a jar -of  oxygen,  it  bursts  into  flame.  A more 


N 0 

• Fig.  7.— Combustion  of  Steel-wire  in  Oxygen. 

delicate  test  is  to  add  a little  jiitric  oxide ; this  is  a 
colourless  gas  which  turns  deep  Teel  when  it  comes 
into  contact  with  free  oxygen,  being  converted  into 
nitric  peroxide. 

Oxygen  in  relation  to  respiration. —The 
oxygen  of  the  air  taken  into  the  lungs,  during  inspira- 
tion,^dissolves  in  part  in  the  moisture  covering  the 
walls  of  the  pulmonary  air-cells,  and  so  passes,  by  a 
process  of  osmosis,  through  the  walls  of  .the  blood- 
capillaries  into  the  blood,  where  it  unites  with  the 
haemoglobin  or  colouring  matter  of  the  blood,  to  form 
a compound  called  oxy  haemoglobin.  In  this  compound 
the  oxygen  is  conveyed  by  the  blood  to  all  the  tissues 
of  the  body,  which  abstract  the  oxygen  from  its  loose 
union  with  the  haemoglobin,  and  undergo  by  means  of 
it  a process  of  combustion,  and  the  heat  resulting 
from  these  chemical  changes  suffices  to 


0 
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the  temperature  of  the  human  body.  One  of  the 
necessary  and  chief  products  of  the  oxidation  of  the 
animal  tissues  is  carbon  dioxide,  which  passes  away 
in  the  expired  air.  There  is  thus  a constant  inter- 
change of  oxygen  from  the  atmosphere,  and  of  carbon 
dioxide  from  the  blood,  the  air  taken  into  the  lungs 
losing  four  per  cent,  of  oxygen  and  gaining  in  its 
place  four  per  cent,  of  carbon  dioxide.  This  carbon 
dioxide,  which  passes  out  in  the  expired  air  into 
the  atmosphere,  does  not  accumulate  there,  but  is 
absorbed  by  the  leaves  of  plants  (through  small  open- 
ings called  stomata ) and  brought  into  contact  with  the 
chlorophyll  or  green  colouring-matter  of  the  leaves ; 
this  during  the  day  decomposes  the  carbon  dioxide  : 
the  oxygen  is  returned  to  the  air,  and  so  the  normal 
composition  of  the  atmosphere  is  maintained  ; at  the 
same  time  the  chlorophyll  possesses  the  power  of 
causing  the  carbon  of  the  carbon  dioxide  to  unite  with 
die  elements  of  water,  and  thus  become  converted 
finto  sugar,  starch,  and  other  organic  substances. 

Oxygen  combines  with  every  element,  excepting 
fluorine,  to  form  oxides. 

These  oxides  may  be  divided  into  three  classes. 

0 Oxides  which  form  acids,  as  sulphur  trioxide, 
phosphorus  pentoxide,  etcT*^"*^ 

2.  Oxides  which  form  bases,  as  potassium 
oxide,  calcium  oxide,  etc. 

3.  Neutral  oxides,  such  as  black  oxide  of 


manganese. 

O 


OZONE. 


Formula,  03  ; molecular  weight , 48. 

Ozone  (from  u£io,  I smell)  is  an  allotropic  forn. 
y of  oxygen,  three  volumes  being  condensed  into  two. 
It  occurs  naturally  in  the  atmosphere  in  very  small 
quantities,  being  produced  from  the  oxygen  of  the 
air  either  ^Y^Opphl‘in:d  currents  generated  during  a 
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tjiuml form , or  by  the  weak  currents  of  friction al. 
el e(^A4iJ^_«_eiierated  by  the  friction  of  large  masses  of 
water  (such  as  the  sea)  against  the  air,  or  possibly  by 
the  evaporation  of  water  and  aromatic  bodies  (such  as 
turpentine)  in  presence  of  sunlight. 

Modes  of  preparation. — Ozone  is  prepared  by 
effecting-  the  " condensation  of  fh  ree  volumes  of  oxygen 
intojpvo,  but  by  whatever  process  this  may  be  effected, 
it  is  impossible  to  convert  all  the  oxygen  into  ozone  ; 
in  other  words,  ozone  cannot  be  obtained  in  a pure 
^^Jl^h^way/coii tains  admixed  oxvgenTTTniyrm^ 
eo^ammgabout  20  per  cent,  of  ozone  to  80  per  cent. 
°f  oxygenbeing  about  the  strongest  that  has  ever  been 
made.  ^Tliis  condensation  of  oxygen  into  ozone  may 
'-,e  oiEscted  in  the  following  ways. 

Cjj)  ^le  silent  passage  of  electricity  through 
c oxy gen  or  air  ; the  peculiar  odour  noticed  when 

a frictional  electrical  machine  is  being  worked  is  due 
to  the  production  of  ozone  by  this  process.  The 
change  may  be  represented  as  follows,  where  the  pro- 
duction of  two  ozone  molecules  from  three  oxygen 
molecules  is  deducted  : — 


O, 


o. 

o. 

or. 


30, 

Oxygen. 


o3 

o3 

203. 

Ozone. 


W ay  be  prepared  by  exposing  a stick 

[Tpsphorus  to  moist  and  warm  oxvo-on  nr  mV  tp,v 

bSTeitecte j by  of  nhlb" 

the  bottom  of  a bottle  containing  sufficient  wateFto 
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cover  partially  the  phosphorus,  loosely  plugging  the 
mouth  ot  the  bottle,  and  placing  it  Tor  halt  an  Hour 
near  a fire.  At  the  end  of  that  time  ozone  will  be 
found  in  the  air  of  the  bottle,  if  the  proper  tests  are 
applied. 

Properties. — The  specific  gravity  of  ozone 
and  it  is  heavier  than  air ; it  is  colourless,  bi 
sesses  a peculiar  odour  which  has  been  compared  to 
that  of  diluted  chlorine,  or  to  phosphorus  slowly 
oxidising.  It  is  non-combustible,  but  is  a supporter  of 
combustion,  and  is  slightly  soluble  in  water.  It  is  a 
powerful  bleaching  and  oxidising  agent,  being  "capable 
oi-'  oxidising  such  metals  as  mercury" ancTsflver  In  The" 
cold.  It  rapidly  destroys  cork,  india-rubber,  and  other 
organic  substances.  It  is  an  irritant  to  the  eyes^nose, 
and  bronchial  tract,  when  present  in  the  air  in  mode- 
rate quantities.  It  is  completely  decomposed  when 
heated  to  300°,  and  is  absorbed  by  turpentine. 

Tests. — The  ordinary  method  tor  detecting  ozone 
in  the  air  depends  upon  the  power  that  ozone  possesses 
of  liberating  iodine  from  iodide  of  potassium,  the  pre- 
sence of  free  iodine  being  shown  by  the  blue  colour 
that  it  gives  wit'll  a solution  of  starch.  A piece  of 
filter  paper  is  moistened  with  a mixed  solution  of 
iodide  of  potassium  and  starch,  and  is  then  suspended 
for  some  time  in  a current  of  the  air  to  be  tested, 
when,  if  ozone  be  present,  it  will  assume  a blue 
colour.  The  objections  to  the  validity  of  this  test  are 
that  other  bodies  besides  ozone  may  be  present  in  the 
air,  which  also  possess  the  property  of  liberating 
iodine  from  iodide  of  potassium,  and  so  giving  a blue 
colour  to  the  starch ; these  bodies  are  chlorine  and 
nil  i n i n fftnairidr  It  will  be  seen  from  the  following 
equations  that  wherf  ozone  liberates  the  iodine  from 
iodide  of  potassium  it  first  forms  potassium  oxide, 
which,  with  water,  forms  caustic  potash,  a body 
that  is  alkaline  to  test-paper  ; whereas  chlorine  and 
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nitrogen  tetroxide  in  liberating  iodine  from  iodide 
of  potassium  form  respectively  chloride  of  potassium 
and  nitrite  of  potassium,  both  of  which  are  neutral 

Jt 
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So  that  the  best  test  for  ozone  in  the  air  will  evi-  I 
dently  depend,  not  on  the  liberation  of  iodine  froS^  j 
iodide  of  potassium,  since  both  chlorine  and  nitrogen  ! 
tetroxide  can  effect  this,  but  on  ascertaining  whether, 
with  the  liberation  of  the  iodine,  the  solution  of  iodide 
oF  potassium  becomes  alkaline,  since  both  chlorine 
and  nitrogen  tetroxide  in  liberating  the  iodine  from 
iodide  of  potassium  leave  the  solution  neutral.  Th 
method  of  applying  this  modified  and  improved 'tes 
for  ozone  in  the  air  consists  in  exposing  a solution 
iodide  of  potassium  coloured  withered  litmus  to  the  air, 
for  some  hours,  in  a""shallow  vessel,  when,  if  ozone  is 
present,  the  red  colour  changes  to  blue  ; whereas  if 
chlorine  or  nitrogen  tetroxide  are  present  in  the  air, 
aTttroilgh  they  liberate  the  iodine  from  the  iodide  of 
potassium,  yet  the  chloride  of  potassium  and  nitrite 
of  potassium  respectively  formed,  being  neutral,  are 
V incapable  of  changing  the  colour  of  the  red  litmus. 
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That  ozone  consists  of  oxygen  condensed  in  the 
ratio  of  three  volumes  to  two  can  be  shown  by  the 
following  experiment: — 

Some  pure  oxygen  is  enclosed,  over  mercury,  in  a 
graduated  glass  tube  furnished  with  platinum  wires 
and  open  at  the  bottom.  Say,  100  volumes  of  oxy- 
gen  are  taken,  sparks  are  passed  through  the  gas  and 
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Fig.  8. — Constitution  of  Ozone. 

1 the  volume  contracts,  ozone  being  formed,  to  ninety- 
nine.  Turpentine  is  then  passed  up  into  the  mixed" 
gases  to  dissolve  out  all  the  ozone.  The  volume  is 
now  ninety-seven.  The  total  quantity  of  oxygen  con- 
verted into  "Ozone  is  therefore  100  — 97  = 3 vols., 
and  the  ozone  (as  shown  by  the  absorption  with  tur- 
pentine) is  99  — 97  = 2 vols.  In  other  words,  three 
1 volumes  of  02,  when  converted  into  Os>  only  occupy 
I two  volumes. 
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CHAPTER  III. 


WATER — HYDROGEN  DIOXIDE. 


Water  — Composition  — Properties  — Water  of  Crystallisation  — 
Efflorescence— Deliquescence — Sources  of  Drinking  Waters — - 
Soft  and  Hard  W aters  —Temporary  and  Permanent  Hard  ness — 
River  and  Mineral  Waters — Solvent  Action  of  Water — Hydro- 
gen Dioxide — Modes  of  Preparation — Test  for  Hydrogen 
Dioxide. 


WATER. 


Formula , H30  ; molecular  weight , 18. 


Cofliiposition. — Water  is  composed  of  hydrogen 
and  oxygen  united  in  the  proportion  of  two  parts  of 
hydrogen  by  weight  to  sixteen  of  oxygen,  or.  by 
volume,  it  is  formed  by  the  union  of  two  volumes  of 
hydrogen  with  one  volume  of  oxygen.  The  compo- 
sition of  water  may  be  proved  in  the  following  ways  : 

(1)  The  analytical  method. — By  electrolysis  or  the 
decomposition  of  water  into  its  elements  by  means  of 
a current  of  electricity  (see  page  74V 

(n)  The  synthetical  method. — (a)  By  introducing 
a mixture  of  two  parts  by  volume  of  hydrogen  to  one 
of  oxygen  into  a eudiometer,  and  then  exploding  the 
mixture  by  means  of  an  electric  spark,  when  water 
will  be  formed.  This  may  be  effected  in  the  Cavendish  A, 
eudiometer  (Fig.  9,  a),  which  consists  of  a stout  glass 
vessel,  provided  with  a stop-cock  at  the  lower  part, 
and  with  two  platinum  wires  fused  through  the  glass 
at  the  upper  part.  The  eudiometer  is  first  exhausted 
of  air  by  means  of  an  air-pump,  and  is  then  filled 
with  a mixture  of  two  volumes  of  hydrogen  to  one 
volume  of  oxygen  by  connecting  it  with  a bottle  (b) 
containing  the  two  gases  in  those  proportions ; the 
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Fig.  9.— Formation  of  Water  by  the  Explosion  of  Hydrogen  and 
Oxygen  in  the  Cavendish  Eudiometer. 

water  will  be  formed,  and  will  be  deposited  as  a tilm 
upon  the  ‘inner  surface  of  the  eudiometer,  and  the 
complete  conversion  of  these  two  gases  into  water 
will  be  demonstrated.by  the  fact  that,  on  opening  the 
stop-cock  of  the  eudiometer  under  water,  the  interior 
of  it  will  be  immediately  and  completely  tilled  by  the 
water,  on  account  of  the  vacuum  left  within  the 
eudiometer  by  the  union  of  the  hydrogen  and  oxygen, 


stop-cock  is  closed  and  the  eudiometer  detached 
from  B ; the  gases  may  then  be  exploded  by  means  of 
an  electric  spark  between  the  two  platinum  wires,  the 
electricity  being  furnished  by  a charged  Leyden  jar 
(c).  By  the  explosion  of  the  hydrogen  and  oxygen 
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and  the  condensation  of  the  resulting  water  as  a film 
on  the  inner  surface  of  the  vessel. 
ft  A more  instructive  form  of  this  eyperiir>^»4«^H 

thatT devised  by  Hofmann,  ('Fig.  10).  A U-shaped 
tuBe  a,  "closed  at  one  end  and  open  at  the  other, 
is  partly  filled  with  a mixture  of  two  volumes  of 
hydrogen  and  one  volume  of  oxygen,  the  gases  being 


enclosed  by  mercury  in  the  bencl 
of  the  tube.  The  closed  limb  A 
of  the  U-tube  is  furnished  with 
two  platinum  wires  at  its  upper 


Y 


C~\ 


end  and  is  graduated.  It  is  sur- 


rounded by  a second  tube  b, 
through  which  passes  a stream  of 
vapour  from  the  boiling  amylic 
alcohol  in  the  flask.  By  tins 
means  the  tube  a is  kept  at  a 
temperature  of  130°,  well  above 
the  boiling-point  of  water.  As 
soon  as  the  expansion  produced 
by  the  heating  of  the  gases  by 
the  boiling  alcohol  vapour  has 
ceased,  the  open  end  of  the  tube 
is  temporarily  closed  by  a cork, 
and  the  gases  exploded  by  passing 
a spark  between  the  platinum 


-C 


Vf 


5 


wires.  On  removing  the  cork 


and  levelling  the  mercury,  it  will 


he  seen  that  the  three  volumes  of 


Fig.  10. — Hofmann's 
Experiment. 


H and  O have  condensed  to  two 
^volumes  of  steam,  and  if  the 
stream  of  hot  vapour  be  stopped, 
these  two  volumes  of  steam  will  condense  to  a minute 
drop -of  water,  and  the  mercury  will  rise  to  the  top  ofl 
Athe  tube. 

© The  composition  of  water  by  weight  w^ 
J proved  KyTHI M&lFTirTa 1 3 '"TJ^'paMW  1 [fllre^Tlry 

* 


86 


Chemistry. 


[Part  II. 


hydrogen  over  a known  weight  of  oxide  of  copper 
contained  in  a bulb,  and  heated  to  redness.  The 
hydrogen  unites  with  the  oxygen  of  the  oxide  of 
copper  to  form  water,  and  so  reduces  the  oxide  to  the 
condition  of  metallic  copper. 

2CuO  + 2H3  = 2Cu  + 2H20 

Copper.  Hydrogen.  Copper  Water, 

oxide. 

The  water,  which  passes  away  from  the  tube  in 
the  form  of  steam,  may  be  collected  in  a previously- 
weighed  chloride  of  calcium  tube,  the  increase  in 
weight  of  which  at  the  end  of  the  experiment  will 
give  the  amount  of  water  produced,  while  the  loss  of 
weight  of  the  copper  oxide  will  give  the  weight  of 
oxygen. 

Properties. — Pure  water  in  thin  layers  is  a 
colourless  liquid,  but  if  viewed  through  a tube  six 
feet  in  length,  which  is  filled  with  it,  and  which  is 
blackened  at  the  sides  and  provided  with  glass  ends, 
't  is  then  seen  to  possess  a faint  blue  colour — a colour 
that  is  also  well  seen  in  glacier  ice,  in  deep  sea-water, 
and  in  the  Croydon  swimming  bath,  where  the  water 
from  deep  chalk  wells  is  used.  The  presence  of  a very 
small  amount  of  animal  organic  matter  (sewage),  or  of 
vegetable  organic  matter  (peat),  will  cause  the  blue 
colour  of  the  water  to  be  replaced  by  a yellow  or 
brownish  tint.  Pure  water  is  tasteless  and  odourless ; 
its  specific  gravity  is  1,  that  is,  it  is  chosen  as  the 
standard  with  which  the  weights  of  equal  volumes  of 
all  other  liquids  and  solids  are  compared  ; it  freezes 
at  0°  C.,  and  boils  at  100°  C.,  under  the  normal 
atmospheric  pressure.  A large  number  of  solids  and 
gases  are  capable  of  passing  into  the  liquid  state  when 
placed  in  water,  i.e.  they  are  soluble  in  the  water. 
Some  liquids,  such  as  alcohol  and  glycerin,  are 
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miscible  with  water  in  all  proportions ; others,  such 
as  chloroform  and  ether,  only  in  small  proportions  ; 
and  others,  such  as  olive  oil  and  castor  oil,  not  at  all.  | 
Many  solid'  chemical  substances  are  capable  of  form- 
ing a loose  chemical  union  with  water,  which  in  this 
solid  form  is  then  known  as  water  of  crystalli- 
sation. Examples.  — Sodium  carbonate  (NaoCOQ,  j 
lOHobh  zinc  sulphate  (ZnSoJ’7H20),  copper  sulphate  j 


Water  of  crystallisation  is  capable  of  being  ex- 
pelled or  driven  off  by  heat,  but  there  are  some 
crystalline  bodies  that  slowly  part  with  their  water 
of  crystallisation  by  simple  exposure  to  the  air.  This 
phenomenon  of  the  spontaneous  loss  of  water  of 
crystallisation  on  exposure  to  the  air  is  known  as 
effloiesfic ucq,  and  such  bodies  are  called  efflor- 
escent (from  efflorescens,  blossoming  forth),  on 
account  of  their  assuming  a powdery  condition  ; for 
instance,  ordinary  washing  soda  (Na2COa,  10H3O)  is 
a good  example  of  an  efflorescent  body,  crystals  of  it, 
on  exposure  to  dry  air,  losing  their  water  of  crystalli- 
sation, and  becoming  opaque  and  powdery.  On  the 
other  hand,  deliquescence  is  the  power  possessed 
by  certain  solid  substances  of  absorbing  moisture  from 
the  air  to  such  an  extent  as  to  become  moist  and 
finally  liquid,  from  the  solid  dissolving  in  the  absorbed 
water ; such  bodies  are  called  deliquescent  (from 
deliquescens,  melting  away),  on  account  of  the  lique- 
faction that  they  undergo  on  exposure  to  the  air ; 
calcium  chloride  and  potassium  carbonate  are  two 
good  examples  of  deliquescent  substances,  as  they 
soon  become  liquid  on  exposure  to  the  air. 

Sources  and  varieties  of  water  as  used 
for  drinking- purposes. — Rain  and  snow  are  the 
natural  sources  from  which  drinking  waters  are 
derived.  Rain  when  it  falls  upon  the  surface  of  the 
earth  is  disposed  of  in  three  ways  : (1)  part  of  it  is 
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returned  to  the  atmosphere  by  evaporation  ; (2)  part 
of  it  flows  according  to  the  inclination  of  the  surfaces, 
and  so  contributes  to  the  formation  of  brooks,  streams, 
and  rivers;  (3)  part  of  it  sinks  or  percolates  into  the 
soil  until  it  reaches  an  impermeable  stratum  of  hard 
rock  or  clay,  and  so  forms  the  underground  sources  of 
water  that  are  made  available  for  the  use  of  man 
either  by  coming  to  the  surface  as  springs,  or  by  being 
tapped  by  the  sinking  of  wells  or  pumps. 

Rain-water  as  it  leaves  the  clouds  is  pure,  but  in 
its  passage  through  the  air  it  may  absorb  and  collect 
many  substances,  such,  as  oxygen,  carbon  dioxide, 
traces  of  ammonia,  sulphur  dioxide,  nitrogen  tetroxide, 
chlorine,  sodium  chloride  (if  in  the  vicinity  of  the  sea), 
particles  of  soot,  and  various  fungoid  and  bacterial 
organisms.  The  rain-water  percolating  through,  or 
flowing  over,  the  soil  may  dissolve  from  it  various 
substances,  such  as  lime  salts,  magnesia  salts,  etc. 
Rain-water  is  a very  soft  water,  and  is  therefore  use- 
ful for  washing  purposes.  A soft  water  is  one  in 
which  soap  can  dissolve,  and  therefore  readily  form 
a lather  without  being  precipitated  ; a hard  water, 
on  the  other  hand,  is  one  in  which  soap,  as  fast  as 
it  dissolves,  is  precipitated  by  some  substance  or  sub- 
stances present  in  the  water,  and  so  the  formation  of 

a lather  is  rendered  difficult.  The  hardness  of  a 

— — 

: calcium  and  mac r- 
liesium  salts  and  may  be  temporary  or  permanent, 
or  a combination  of  the  two  ; temporary  hardness 
’"IS'YWat  ^Titcfr'ffan  oe  removed  by  boiling  the  water, 
and  is  due  to  the  presence  of  the  soluble  bicarbonates 
of  calcium  and  magnesium,  which  on  boiling  are 
converted  into  the  insoluble  carbonates  of  those 
metals,  and  these  being  deposited  constitute  the  fur 
that  accumulates  in  kettles  and  boilers.  Temporary 
hardness  is  acquired  by  rain  or  stream  water,  contain- 
ing carbon  dioxide  in  solution,  flowing  over  some 
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form  of  calcium  carbonate  (chalk  or  limestone),  or 
magnesium  carbonate  in  the  soil ; such  water  contain- 
ing carbon  dioxide  in  solution  is  capable  of  forming 
a soluble  bicarbonate  with  either  of  these  carbonates, 
thus  : 

CaC03  + C03  + H30  = Ca(HC03)2 

Calcium  Carbon  Water.  Calcium 

carbonate.  dioxide.  bicarbonate. 

This  soluble  bicarbonate  loses  part  of  its  carbon 
dioxide  on  boiling,  and  the  insoluble  calcium  carbonate 
is  once  more  formed  and  deposited,  thus  : 

Ca(HCOg)3  = CaC03  + C02  + H20 

Calcium  Calcium  Carbon  Water. 

bicarbonate.  carbonate.  dioxide. 

Permanent  hardness  is  that  which  cannot  be 
removed  by  boiling,  and  is  generally  due  to  the  presence  A' 
of  calcium  or  magnesium  sulphate.  In  the  case  of  ) i 
sea-water  the  hardness  is  due  to  sodium  chloride, 
which  renders  ordinary  soap  insoluble  ( see  Organic 
Chemistry,  Chap.  VIII.).  The  difficulty  experienced 
with  a hard  water  of  obtaining  a lather  with  ordinary 
soap  (sodium  oleate)  is  thus  explained  : as  soon  as 
some  oF  the  soap  dissolves,  it  is  converted  into~The 
"insoluble  calcium  or  magnesium  oleate,  and  not  until 
all  the  calcium  salts  are  thus  precipitated  do  we  get 
a solution  of  soap"  which  forms  the  lather.  The  use 
of  hard  water,  therefore,  entails  great  waste  of  soap. 

I'  Water  can  -be  softened,  if  it  is  only  to  be  used  for 
washing  purposes,  by  adding  a little  sodium  carbonate, 
when  all  the  calcium  and  magnesium  salts  will  be 
precipitated  as  carbonates,  and  after  allowing  these 
to  subside  the  clear  water  will  be  quite  soft.  An- 
other process,  which  is  applicable  to  drinking  water  0 
and  is  known  as_C lark’s  process,  consists  in  adding  a \ 
weighed  quantity  ot  slaked  lime  to  a known  bulk  of 
the  water,  when  the  whole  of  the  lime  added  and 
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the  lime  to  which  the  temporary  hardness  is  due  are 
precipitated.  The  reaction  is  represented  by  the 
equation  : 

2CaC03  + 2HoO 

Chalk.  Water. 

It  will  be  noticed  that  one  molecule  of  calcium  hy- 
drate is  required  to  precipitate  one  molecule  of  the 
bicarbonate. 

The  best  method  of  purifying  water  is  by  dis- 
tillation, when  all  the  solid  impurities  are  left  behind 
nTTTie  still.  The  first  and  last  portions  of  the  dis- 
tillate should  be  rejected. 

The  principal  constituents  of  three  typical  river 
waters  are  given  below.  The  Dee,  which  flows  over 
hard  insoluble  rocks,  slates,  etc.,  is  a typical  soft 
water  ; the  Thames,  which  cuts  through  the  chalk  and 
lias  much  temporary  hardness ; and  the  Trent,  which 
contains  much  calcium  sulphate  and  sodium  chloride  : 

Thames.  Trent.  Dee. 

Calcium  carbonate  .. . 10 -8  ...  0-32  ...  0 85  grs.  per  gal. 

Calcium  sulphate  ...  3*0  ...  21-55  ...  012  „ 

Salt  ...  1-8  ...  17-63  ...  072  „ 

Organic  matter  ...  2-36  ...  3"68  ...  1'54  „ 

Sea  water  contains  3 to  4 per  cent,  of  salts,  chiefly 

sodium  chloride  (1,850  grains  per  gallon)  and  mag- 
nesium salts. 

Drinking  water  is  purified  by  filtration  through 
beds  of  sand  and  gravel,  during  which  process  much 
of  the  organic  matter  is  oxidised,  probably  by  the 
combined  action  of  bacteria  and  the  oxygen  of  the 
air. 

Mineral  waters. — These  are  spring  waters  con- 
taining in  solution  some  medicinal  ingredient.  In  the 


( CaCO.,  n /xjr>\ 

| H2COs  + Ca(H0)2  - 

Calcium  Slaked 

bicarbonate.  lime. 
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following  table  the  more  important  mineral  waters 
are  enumerated,  with  their  sources  and  composition  : 


SOURCE.  COMPOSITION. 


Vichy 

Carlsbad 

Ems 

Seltzer 

Malvern 

A pollinaris 


\ 

Alkaline  waters,  containing’  so- 
dium carbonate  and  bicarbon- 
ate ; effervescence  due  to  carbon 
dioxide. 


Spa 

Tunbridge 
Some  Cheltenham 
Waters. 


Chalybeate  waters,  containing  fer- 
rous carbonate  held  in  solution 
by  excess  of  carbon  dioxide. 


Harrogate  ) Sulphuretted  waters,  containing 

Aix-la-Chapelle  ( free  sulphuretted  hydrogen. 


Leamington  i Aperient  saline  waters,  contain- 

Epsom  ) ing  magnesium  sulphate. 


Cheltenham  ( Aperient  saline  waters,  contain- 
Scarborough  j in§'  sodium  sulphate  and  sodium 
( chloride." 


1 Calcareous  waters,  containing  cal- 
.L  cium  bicarbonate  and  calcium 
J sulphate. 

Solvent  action  of  water. — Many  substances 
are  soluble  in  water.  As  a rule,  boiling  water  dis- 
solves a larger  quantity  of  a solid  substance  than  cold 
water.  When  water  has  dissolved  the  maximum 
quantity  of  a substance,  the  solution  is  said  to  be 
“saturated.”  If  a saturated  solution  be  made  at  the 
boiling-point  and  the  solution  be  allowed  to  cool,  the 
excess  dissolved  at  the  boiling-point  over  the  quantity 
dissolved  at  the  ordinary  temperature,  separates  out, 
usually  in  crystals.  This  process  is  largely  used  in 
purifying  substances  by  “recry  stall]  sat  ion.”  One 


Bath 

Bristol 

Matlock 
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notable  exception  to  the  above  rule  is  common  salt, 
which  dissolves  almost  as  readily  in  cold  as  in  hot 
water.  Some  of  the  calcium  compounds  (Ca(HO)2 
and  CaSO  J are  slightly  more  soluble  in  cold  than  in 
hot  water. 

The  solubility  of  gases  in  water  depends  (1)  upon 
the  nature  of  the  gas,  thus  1,000  vols.  of  ammonia 
dissolve  in  1 vol.  of  water,  while  only  -02  vol.  of 
hydrogen  dissolve  in  1 vol.  of  water ; (2)  on  the  tem- 
perature, the  lower  the  temperature  of  the  water  the 
greater  is  the  volume  of  the  gas  dissolved — in  most 
cases  ice  and  boiling  water  contain  no  dissolved  gases  ; 
(3)  on  the  pressure,  the  greater  the  pressure  the 
greater  is  the  volume  dissolved  ; if  you  double  the 
pressure  twice  as  much  gas  is  dissolved. 


(FKm  C- 


V 


HYDROGEN 
Formula , H202  ; molecular  iceight , 34. 


Water  and  hydrogen  dioxide  constitute  the  two 
oxides  of  hydrogen.  Hydrogen  dioxide  is  also  known 
as  peroxide  of  hydrogen,  and  as  oxy§5Hhted  water,  the 
latter  name  being  given  to  it  on  accounToi  tne  facility 
with  which  it  decomposes  into  water  and  oxygen. 

Modes  of  preparation.— /finHydrogen  dioxide 
may  be  obtained  bv  the  action  orany  dilute  acid  op. 
barium  dioxide.  Thus,  if  diluted  hydrochloric  acid  be 
added  to  bariulii  dioxide,  double  decomposition  takes 
place,  barium  chloride  and  hydrogen  dioxide  being 
formed  : 


Ba02 

Barium 

dioxide. 


+ 2HC1 

Hydrochloric 

acid. 


BaCl2 

Barium 

chloride. 


+ 


H20  3 

Hydrogen. 

dioxide. 


V» 


Hydrochloric  acid,  however,  is  not  a convenient 
acid  to  use  in  the  preparation  of  hydrogen  dioxide, 
since  this  latter  body  is  contaminated  by  the  presence 


( 


Chap.  III.] 


8*  0, 

Jk 
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YDRO 


Peroxide.  ' 
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of  the  soluble  barium  cf&r^de^Zt  is  therefore  prefer- 
able to  select  au  acid  which  ^will  yield  an  insoluble 
barium  salt,  and  so  leave  only  the  hydrogen  dioxide  in 
solution  ; carbonic  acid  answers  these  requirements 
admirably.  If  carbon  dioxide  be  passed  through  water 
containing  barium  dioxide  suspended  in  it,  carbonate 
of  barium  is  precipitated  and  a pure  solution  of 
hydrogen  dioxide  ojDtaingd”: 


Ba03 

Barium 

dioxide. 


+ 


h3° 

Water. 


+ 


COo 

Carbon 

dioxide. 


BaCOo 

Barium 

carbonate. 


+ h3o3 

Hydrogen 

dioxide. 


f(iij  Hydrogen  dioxide  is  said  to  be  obtained  as 

-eSjf  r ’ ‘ ' 


onerrf  the  products  of  the  atmospheric  oxidation  of 


severaFof  the  natural  volatile  oils  in  presence  of 


moisture,  such  as  the  "oils  6F~turpentine,  pine,  euca- 
lyptus, etc. 

Properties. — Hydrogen  dioxide  is  a 


liquid,  but  is  usually  obtained  mixed  with  water, 
aTTT  or  20  per  cent,  solution  being  the  usual 
strength  of  the  commercial  article.  It  is  colourless 
and  odourless,  but  possesses  an_astringent  tasfe,  ancf 
is  miscible  with  water  in  all  proportions.  Its  special 

(property  consists  in  the  readiness  WltiTwhich  it  splits 
up  into  water  and  oxygen  : 


(I 


2HA 


Hydrogen 

dioxide. 


= 2H30 

Water. 


+ 


„°2 

Oxygen. 


This  decomposition  may  be  brought  about  by  boil- 
ing, or  by  bringing  it  in  contact  with  bodies  in  want 
oToxygen  when  the  hydrogen'clioxide  readily  parts 
wiln  one-haTToT  its  “oxygen  ; it  is  in  this  way  that  it 
'acts7  as  a disinfectant  and' tleoiToi'TserT  Hydrogen  di-' 
oxide  is  also  a powerful  bleaching  agent  by  virtue  of 
its  power  of  rapidly  oxidising  colouring  matters,  and 
so  bleaching  them ; its  effect  as  a so-called  hair-dye,  in 


C\ 


0 
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turning  the  hair  yellow  or  white,  is  simply  that-  of  a 
bleaching  agent. 

Test. — Hydrogen  dioxide  possesses  the  property 
i of  liberating  iodine  from  iodide  of  potassium,  the  liber- 
ated iodine  turning  starch  solution  blue:  this  is  a 
property,  however,  possessed  by  other  substances,  but 
unlike  all  these  other  oxidising  agents,  hydrogen  di- 
oxide will  liberate  the  iodine  from  iodide  of  potassium 
*in  presence  of  ferrous  sulphate. 

If  hydrogen  dioxide  be  poured  on  some  black 
oxide  of  manganese,  an  effervescence  takes  place, 
owing  To  the  escape  of  oxygen.  This  enablesnns  to 
test  the  strength  of  a solution  of  peroxide  of  hydrogen 
by  measuring  the  volume  of  oxygen  evolved.  When 
peroxide  of  hydrogen  is  mixed  with  chromic  acid  and 
a little ther,  the  ether  is  coloured  a beau  fffal  blue 
colour,  owing  to  the  formation  of  perchromic  acid, 
HCrO*. 


/ 


) 


\ 


CHAPTER  IV.  jfc4-r-* .' 


NITROGEN — THE  ATMOSPHERE. 


Nitrogen  — Preparation  and  Properties  of  Nitrogen  — Test  for 
Nitrogen— Composition  of  the  Atmosphere— Methods  of  de- 
termining the  Composition  of  the  Atmosphere — Proofs  that 
the  Atmosphere  is  a Mixture,  and  not  a Compound,  of  Oxygen 
and  Nitrogen— Aqueous  Vapour  in  the  Air— Carbon  Dioxide 
in  the  Air— Ozone  in  the  Air— Impurities  in  Air. 


NITKOGEN. 


Symbol , N ; molecule , N3  ; pentad  (also  capable  of  act- 
ing as  a triad,  monad , etc.,  see  page  30) ; atomic 
weight,  14;  molecular  weight , 28  ; liquefies  at 
—194*. 


t 


Nitrogen  (meaning  generator  of  nitre)  owes  its.  name 
to  the  fact  that  it  is  an  essential  constituent  of  nitre 
(nitrate  of  potash).  Nitrogen  is  widely  and  exten- 
sively distributed  in  nature  ; it  constitutes  four-fifths 
of  the  bulk  of  the  atmosphere,  it  is  present  in  all 
natural  nitrates,  and  forms  an  important  constituent 
of  the  tissues  and  organs  of  all  animals  and  plants;, 
in  animals  it  is  present  in  albumin,  fibrine,  cartilage, 
casein,  urea,  etc.  ; in  plants  it  is  present  in  vegetable 
albumin  and  in  all  alkaloids.  _ 

modes  of  preparation — Q Nitrogen  may  be 
obtained,  I>v  removing  the  oxygon  'Trom  £i  1 1 11  \\\ [ e<T* 

volume  or  air  by  any  ot  the  following  processes  : 

0 -By  burning  phosphorus  uncler  a bell-jar  stand-  . 
mg  over  water  ; the  phosphorus  consumes  all  thejfef^ 
oxygen  of  the  air  contained  in  the  bell-jar,  forming  a vfi!  y 
white  powder— phosphorus  pentoxide  (P0QjJ—  wEiclT  [), 

~ forming  pliosjpnoric  1 


I 


Jissolves  in 


the  water,  forming  phospnoric  acid 
(H3P04),  and  the  space  form erly~occu pied  by  the 


t 
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oxygen  is  filled  by  the  water  taking  its  place.  The 
gas  within  the  bell-jar  now  occupies  four-fifths  of  the 
original  volume  of  the  air  taken,  and  consists  of 
rosen. 

61  By  absorbing  oxygen  from  a confined  volume 
r by ’means  of  a solution  of  pyrogallateT  oT 
potassium.  ' 

0 By  passing  air  over  red-hot  copper  turnings 
contained  in  a long  porcelain  tube,  when  the  copper 
unites  with  the  oxygen  of  the  air  to  form  copper  oxide 
[CuO),  and  pure  nitrogen  passes  on.  This  reaction 
is  much  facilitated  by  adding  a little  ammonia  (NHS) 
to  thaair. 

fo^By  exploding  in  a eudiometer  49-  of 

hydrogen  with  100  volumes  of  air  (the  latter  con- 
taining just  21  volumes  of  oxygen),  when  the  hydrogen 
and  oxygen  will  unite  to  form  water,  which  will 
condense  on  the  sides  of  the  eudiometer,  and  nitrogen 

sn r:~ ^ 

Nitrogen  may  be  very  readily  obtained  by 
boiling  together  solutions  of  potassium  nitrite  and. 
ahmionium  chloride,  when  double  decomposition  be- 
tween the  two  salts'  first  takes  place,  resulting  in  the 
formation  of  ammonium  nitrite  and  potassium  chloride. 


KN03 

Potassium 

nitrite. 


+ NH,C1  = NH,NO„  + 


Ammonium 

chloride. 


TnniTo 


onjum 
nitrite. 


KC1 

Potassium 

chloride. 


The  ammoniuifi  nitrite  then  splits  up  into  nitrogen 
,and  water. 


NH.NOc,  = N9  + 


Ammonium 

nitrite. 


2 

Nitrogen. 


2H30 

Water. 


1-  ,,<0  Nitrogen  may  also  be  prepared  by  passing 

chlorine  into  solution  of  ammonia,  when  ammonium 
^ ,c!5Tbi’ide  is  formed  and  nitrogen  evolved. 


a \|  _ ^ 

yj  V r 
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8NH3 

Ammonia. 


./-Vs 


u 


u 


Properties  of  Nitrogen. 
+ 3U1,  = tjJN  JdL^Ul  + 


9 V 


3C12  = 

Chlorine. 


6NH4C1 

Ammonium 

chloride. 


Nn 


Nitrogen. 


In  this  process  care  must  be  taken  to  keep  the 
ammonia  in  excess,  otherwise  the  chlorine  would  act 
upon  the  ammonium  chloride,  forming  the  terribly 
explosive  chloride  of  nitrogen. 

Prop el’ties.-^he  specific  gravity  of  nitrogen  is 
14,  and  it  is  a little  lighter  than  air.  The  properties 
oT  ^nitrogen  are  mainly  negative  ; 16 “is  odourless,’' 
tasteless,  colourless,  not  combustible,  a non-supporter 
of  combustion,  and  but  slightly  soluble  in  water;  it  is 
not  poisonous,  since  the  air  contains  about  four-fifths 
of  it  by  volume,  but  it  is  incapable  of  supporting  life 
by  itself.  The  main  function  of  the  nitrogen  of  the 
atmosphere  is  to  dilute  down  the  oxygen,  which  would 
otherwise  be  too  energetic  in  its  action. 

Test.— A lighted  taper,  if  plunged  into  a jar  of 
nitrogen,  is  immediately  extinguished,  and  the  gas 
itself  does  not  ignite.  The  oply  othfix  r>doiir1Qc;s<  or 
comparatively  odourless,  gas  that  beha  ves  in  this  wav 
is  carbon  dioxide,  and  the  two  may  be  readily  dis- 
tmglTfshed~by  car  bon  dioxide  turning  lime-water 
milky,  whereas  nitrogen  has  no  effect  upon  lime- 
water.  So  that  the  combined  facts  of  an  odourless 
gas  extinguishing  a lighted  taper,  being  non-com- 
bustible, and  not  turning  limb- water  turbid,  will 
Indicate  that  the  gas  is  nitrogen. 

- ~ (Wvt 

' THE  ATMOSPHERE. 

Specific  gravity  — 1 4*4  (H  = 1). 

The  atmosphere  mainly  consists  of  a mixture  of  . 
oxygen  and  nitrogen  in  the  following  proportions  : * ► 


V V 


By  volmne. 

21 

79 


By  weight,  ijl 
23 
77 


Oxygen 

Nitrogen 


• • t 


98 


Chemistry. 


[Part  II. 


Other  bodies,  however,  are,  or  may  be,  present  in 
the  air  in  small  quantities.  In  the  following  list  are 
enumerated  all  the  possible  constituents  of  the  atmo- 
sphere divided  into  three  groups : 1,  the  principal 
constituents  ; 2,  essential  constituents  ; and  3,  occa- 
sional constituents  of  the  atmosphere. 

Jk  . - 

^ L Oxygen  | principai  constituents  of  the  atmosphere. 
Nitrogen  ) r 

V Water  (in  the  form  of  aqueous  ) Other  essential 
vapour,  clouds  or  mists)  > constituents  of  the 

Carbon  dioxide  ) atmosphere. 


Ozone 

Nitrogen  tetroxide  and  nitric  acid 
Sulphur  dioxide  and  sulphurous 
and  sulphuric  acids 
Chlorine 

Sulphuretted  hydrogen 
Argon 

Carbonic  oxide 
Particles  of  soot 

Fungoid  and  bacterial  organisms  , 


Constituents  that 
are  or  may  he 
present  in  the 
atmosphere  in 
small  quantities. 


In  describing  the  chemistry  of  the  atmosphere,  it 
will  be  convenient  to  discuss  separately  the  con- 
stituents of  the  air,  in  the  order  above  given  in  the 
three  divisions. 

1 The  principal  constituents  of  the  at- 


mosphere—oxygen  ami  nitrogen. — As  previ- 
ously stated,  oxygen  and  nitrogen  so  nearly  make  up 
the  entire  bulk  of  the  atmosphere  that,  in  indicating 
the  percentage  composition  of  the  air,  it  is  customary 
to  make  the  percentages  of  these  two  gases  add  up  to 
100,  although  actually  a small  fraction  of  the  per- 
centage composition  should  be  reserved  for  the  other 
constituents  of  the  air. 

JHcIIhmJs  of  jOleiermining  the  composition 
of  fur  ^ ^ 
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— By  this  method  the  amount  of  oxygen  fp 
determined  by  observing  the  contraction  that  takes 
place  after  exploding  a known  volume  of  air  in  a 
eudiometer  with  excess  or  hydrogen:  since  two 
ToTumnsTolTiycrrogen^  of  oxygen 

to  form  water,  one-third  of  the  contraction  will  be 
due  to  oxygen,  and  so  rhe  proportion  "of  "oxygen 
'present  in  'the  known  volume  of  air  will  be  ascer- 
tained. , 

@pJL  ropallate  ofvotassium  method . — This  consists 

in  exposing  a measured  volume  of  air,  contained  in  a 
graduated  tube  standing  over  mercury,  to  the  action 
of  a strong  solution  of  pyrogallate  of  potassium,  which 
possesses  the  property  of  absorbing  oxygen  from  the 
air ; at  the  end  of  an  hour  the  diminution  in  volume 
of  the  ait  is  noted,  and  this  represents  the  amount  of 
oxygen  contained  in  the  measured  volume  of  air 
originally  taken. 

vy  copper  method. — In  this  process  a pre- 
viously-weighed tube  containing  copper  turnings  is 
raised  to  a red  heat,  and  a known  weight  of  air  is 
TR eh  passed  through  it ; the"  copper  unites  with  the 
oxygen  of  the  air,  forming  oxide  of  copper,  and  the 
nitrogen  may  be  allowed  to  pass  on  into  a glass  globe 
provided  with  a stop-cock,  which  has  been  previously 
exhausted  of  air  at  the  air-pump  and  then  weighed  ; 
at  the  end  of  the  experiment  the  increase  in  weight 
oT  the'  Tube  containing  the  copper  turnings  will  give 
The  ftfllOTTnt  of  oxygen  contained  in  the  weighed  quail- ’ 
iTv  of  air"  experimented  with,  while  the  increase  ill 
of  flie  previously  exhausted  globe  will  give 
the  amount  of  nitrogen. 

© The  syntheticcd  method. — This  consists  in  mix- 
ing together  oxygen  and  hTTrogen  in  the  proportion 
of  21  volumes  of  oxygen  to  79  volumes  of  nitrogen, 
when  a mixture  possessing  all  the  properties  of  air 
will  be  obtained. 
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mospliere  a mixture  of  oxygen 
and  nitiDgcn,  not  a compound  of  those 

gases. — That  the  *Smospnere  is  simply  a mechanical 
mixture  of  oxygen  and  nitrogen,  and  not  a chemical 
compound  of  those  two  gases,  may  he  proved  in 
various  ways. 

&a%By  the  method  of  mixture. — This  consists,  as 
ius^nescribed^  in  mixing"  together  21  volumes  of 
oxygen  with  79  volumes  of  nitrogen,  when  no  heat  is 
* e\;olvecl  or  absorbed  ; neither  is  there  any  c'hange  of 
^T^A^lume  or  colour,  in  fact  there  is  no'  sign  of  an1 

^ fW  . IMI  IT  ^ , I— »» 

chemical  action,  and  yet  the  resulting  mixture. 
possesses^Uwie  physical  and  chemical  properties  of 
air. 

tbj)  By  solution  in  icalens — Dissolved  air  is  dif- 
ferentin  composition  to  ordinary  air  ; if  the  air  were 
a chemical  compound  of  oxygen  and  nitrogen,  then 
mere  solution  in  water  would  be  unable  to  alter  its 


7 


composition,  whereas  if  it  be  a mixture  of  the  two 
gases,  then,  on  account  of  the  greater  solubility  oT 


N 


oxygen  in  water  as  compared  with  nitrogen,  the 
^ ’dissolved  air  should  bedicher  in  oxygen  than  ordinary 


air  ; this  is  actually  the  case._  ^ 

If  air  be  well  agitated  w i th  water,  and  then  the 
b dissolved  gas  expelled  by  boiling  the  water  and 
'U  ^collected  in  a tube,  it  will  be  found  on  making  an 
analysis  of  this  dissolved  gas  that  it  contains  more 
oxygen  than  ordinary  air,  as  shown  in  the  following 
>•  v table  : — 


Composition  by  volume  of 


Oxygen 

Nitrogen 


Ordinary  air.  Dissolved  air. 
...  21  £5_ 

...  79  65 


By  the  cliB3i£io^mqxveriment. — If  the  air  were 
chemical  compound  of  oxygen  and  nitrogen,  then 
on  submitting  it  to  the  process  of  diffusion  it  would 


v «*%  \***  ^4 
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diffuse  unchanged  in  composition,  since  by  diffusion 
''atone  it  is  impossible  to  separate  the  constituents  of 
gaseous  chemical  compounds;  but  if  it  be  a mechanical 
mixture  of  oxygen  and  nitrogen,  then  on  submitting 
it  to  diffusion  the  relatively  lighter  gas  nitrogen 
should  diffuse  at  a greater  rate  than  the  heavier 
oxygen  {see  Graham’s  “Law  of  Diffusion,  page  70), 
and  this  is  actually  what  does  take  place. 

Fig.  1 1 represents  the  diffusion  apparatus  for 
proving  that  the  atmosphere  is  a mechanical  mixture 
of  oxygen  and  nitrogen. 

A is  a porous  tube,  consisting  of  unglazed  porcelain, 
passing  through  two  perforated  india-rubber  corks,  d 


A 


4* 


B 


Jc 


[.  11.  —Diffusion  Apparatus  for  proving  Air  to  be  a Mixture 
of  Oxygen  and  Nitrogen. 


and  e ; b is  a stout  glass  tube  fitting  tightly  over  the 
corks  d and  E,  and  provided  with  an  arm  or  outlet,  c, 
by  which  it  can  be  connected  with  an  air-pump.  By 
this  means  it  is  possible  to  produce  a vacuum  in  b, 
and  around  that  portion  of  the  porous  tube,  A,  lying 
between  the  corks  d and  e ; if,  now,  air  be  passed 
through  a it  will  tend  to  diffuse  through  the  porous 
tube  into  the  vacuum  in  b,  and  on  examining  this  air 
\TMcli  has  diffused  through  into  b it  will  be  found 
to  be  richer  in  nitrogen  than  ordinary  air,  owing 
to  the  lighter  nitrogen  having  diffused  through  the 
pores  of  the  tube  A at  a greater  rate  than  the  heavier 
oxygen  ; this  separatioii  by  diffusion  could  onlv  take 
place  from  a mechanical  mixture  or  the  two  gases, 
and  not  from  a chemical  compound. 

The  relative  weights  of  nitrogen  and  oxygen 
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in  the  air  are  not  simple  multiples  of  their  atomic 

weights  14  ancf  1(57  ~~~  ~ 

^JtTlie  composition  of  the  air  is  not  quite  constant. 

2;  Essential  constituents  of  tlie  atmo- 
sphere other  than  oxygen  and  nitrogen. 

fcS  Aqueous  Tapouo\ — This  is  derived  by  evapora- 
tion^'fro^Targe ' masses  of  water,  such  as  the  sea, 
lakes,  rivers,  etc.  ; from  the  respiration  of  human 
beings  and  animals ; by  evaporation  from  the 
skin  ; and  by  evaporation  from  plants.  This  aqueous 
vapour  of  the  air,  by  condensing  to  small  particles  of 
water,  forms  clouds  and  mists,  and  by  further  con- 
densation to  actual  drops  of  water  produces  rain  ; if 
when  in  the  fine  state  of  condensation  it  be  frozen, 
snow  is  produced  ) whereas  if  rain  be  frozen  during 
its  transit  to  the  earth,  hail  is  produced, 
b*  The  detection  of  aqueous  vapour  and  the  estirna^ 
tion  of  its  amount  in  the  air  are  effected  by  passing 
a measured  volume  of  the  air  through  a previously- 
welghea  chloride  of  calcium  tube,  when  any  aqueous 
vapour  in  the  air  will  be  readily  absorbed  by  the 
fragments  of  chloride  of  calcium,  and  the  increase  in 
: weight  of  the  tube  at  the  end  of  the  experiment  will 
indicate  the  amount  of  aqueous  vapour  in  the  volume 
of  air  employed.  The  estimation  of  the  amount  of 
aqueous  vapour  is,  however,  more  usually  effected  by 
physical  methods,  by  determining  the  “dew  point. 

VfjL  (b\  Carbon  dioxide. — This  gas,  commonly  known 
as  carlToiiic Tmidgas,  must  be  regarded  as  one  of  the 
essential  constituents  of  the  air  on  account  of  the 
extremely  important  part  it  takes  in  the  maintenance 
of  vegetable  life  ( see  page  78),  although,  if  allowed 
To  accumulate  in  excessive  quantities,  it  becomes 
an  impurity  of  the  atmosphere.  It  is  derived  from 
the  respiration  of  human  beings  and  animals,  and 
from  the  combustion  of  fuel.  The  amount  of  carbon 
dioxide  normally  present  in  the  air  is  very  small, 
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being  4 parts  in  10,000  or  ’04  per  cent.,  and  an 
amount  slightly  in  excess  of  tins  m the  air  of  in- 
habited  rooms  must  be  regarded  as  an  impurity,  not 
so  much  on  account  of  the  carbon  Hioxide  itself,  as 
because  it  is  derived  from  the  respiration  of  human 
beings,  and  in  the  air  exhaled  from  the  lungs, 
able  organic  matters  are  present  that  have  a decidedly 


cTelelSridus  effect  "on  the  health  of  human  beings 
breathing  such  air.  When  the  carbon  dioxide  in  the 
air  of  an  inhabited  room  exceeds  '06  per  cent.,  these 
putrefiable  organic  matters  become  noticeable  by 
smell,  rendering  the  air  stuffy  or  foul,  but  since  these 
organic  matters  are  extremely  difficult  to  estimate, 
the  determination  of  the  amount  of  carbon  dioxide 
present  becomes  a useful  gauge  of  the  foulness  of  the 
air.  If  the  carbon  dioxide  be  pure  3 per  cent,  may 
> be  present  without  producing  inconvenience.  To 
detect  carbon  dioxide  in  the  air,  all  that  is  necessary 
iTXoTxpose'some  lime-water  to  the  atmosphere,  when 
^fhe  presence  of  carbon  dioxide  is  indicated  by  the 
lime-water  becoming  turbid  or  milky,  owing  to  the 
precipitation  of  carbonate  of  lime.  To  estimate  the 
^amount  of  carbon  dioxide  in  the  aiiydi  ETrtf-galhTtr 
U^bottle  is  tilled  with  the  air  to  be  examined,  and  a 
measured  quantity  of  baryta-water  is  poured  into  the 
5*  boftle  and  thoroughly  agitated  with  the  air  in  it. 
The  strength  of  the  baryta-water  is  previously  deter- 
rnmecT  by  ascertaining  how  much  of  a standard 
solution  oF  oxalic  acid  is  required  to  neutralise  the 
same  quantity  oT  baryta- water  as  that  introduced  info 
the  half -gallon  bottle.  If  now  the  measured  quantity 
of  baryta- water  that  has  been  agitated  with  the  half- 
gallon of  air  be  filtered  from  the  precipitated  carbonate 
of  barium,  and  its  strength  be  determined  by  noting 
the  quantity  of  standard  acid  that  is  required  to 
neutralise  it,  it  will  be  found  to  be  deficient  in  a 
certain  amount  of  baryta,  which  represents  the 
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quantity  of  baryta  precipitated  by  the  carbon  dioxide 
in  the  half-gallon  of  air,  from  which  the  amount  of 
carbon  dioxide  present  in  the  air  can  be  easily 
calculated. 

pother  substances  that  may  be  present 
in  the  atmosphere.  Ozone. — This  gas  is  present  in 
minute  quantities  in  country  air  and  in  the  vicinity 
of  the  sea,  but  not,  as  a rule,  in  the  atmosphere  of 
towns.  Its  production  in  the  air,  and  the  means  of 
detecting  it,  have  been  previously  described  (see 
pages  80,  81). 

Impurities.^  (a)  Nitrogen  tetroxide  and  nitric 
acid  - — These  are  mainly  derived  from  chemical  works 
and  factories.  Small  quantities  of  nitrogen  peroxide 
may  be  formed  by  direct  union  of  the  nitrogen  and 
oxygen  of  the  air  during  a thunderstorm,  the  nitrogen 
peroxide  subsequently  uniting  with  the  moisture  in 
the  air  to  form  nitrous  and  nitric  acids. 

2N02  + H20  = HNO,  + HN03 

Nitrogen  Water.  Nitrous  Nitric 

peroxide.  acid.  acid. 

(b)  Sulphur  dioxide  and  sulphurous  and  sulphuric 
adds. — Derived  from  the  combustion  of  sulphur  in 
coal,  and  from  chemical  works  and  factories. 

(c)  Chlorine. — From  bleaching  powder  and  other 
chemical  works. 

(d)  Sulphuretted  hydrogen. — Produced  in  the 
manufacture  of  coal  gas,  etc. 

(e)  Carbon  dioxide  in  excess. — A product  of 
respiration,  combustion  of  coal,  etc. 

(/)  Carbonic  oxide. — From  imperfect  combustion 
of  fuel. 

(g)  Particles  of  soot. — See  f. 

(It)  Fling oid  organisms  and  bacteria. — From 
various  sources 
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In  1894  Lord  Rayleigh  and  Professor  Ramsay  dis- 
covered a new  element  in  the  atmosphere  which  they 
named  Argon  • its  atomic  weight  is  either  20  or  40, 
it  is  thVfTlfSst  inactive  element  known,  as  it  refuses 
to  combine  with  any  thing  ; it  occurs  in  the  atmosphere 
to  the  extent  of  about  0-9  per  cent. ; curiously  enough, 
it  was  isolated  by  Cavendish  in  1785,  but  he  failed 
to  recognise  it  as  a new  element.  It  is  a colourless 
gas,  very  much  like  nitrogen,  and  liquefies  at  — 187°. 


ic5 
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OXIDES  OF  NITROGEN — NITRIC  ACID. 


Nitrogen  Monoxide  — Nitrogen  Dioxide  Nitrogen  Tnoxido  — - 
Nitrogen  Pentoxide — Modes  of  Preparation  and  Properties  of 
the  Oxides  of  Nitrogen — Tests  for  the  Oxides  of  Nitrogen 
Nitrous  Acid — Nitric  Acid — Nitrates. 


THE  OXIDES  OF  NITROGEN. 


There  are  five  compounds  of  oxygen  and  nitrogen, 


viz. 


JU/f~ 


u 


u n 

* v 


N20  Nitrogen  monoxide,  or  nitrous  oxide,  or  laughing  gas. 
I NO  Nitrogen  dioxide  or  nitric  oxide. 

N.,03  Nitrogen  trioxide  or  nitrous  anhydride. 


"X 


^NOo  Nitrogen  tetroxide  or  nitric  peroxide. 

Nitrogen  pentoxide  or  nitric  anhydride. 


hM 

v-i  Tt') 


Of  these  oxides,  the  first  four  mentioned  are  gases, 
the  last  is  a white  crystalline  solid.  The  first  two 
(N00  and  NO)  are  colourless  gases,  the  second  two 
(NoOo  and  NO*)  are  both  of  a reddish-brown  colour. 

"The  chemistry  of  the  individual  oxides  of  nitrogen 
will  be  now  considered. 


NITROGEN  MONOXIDE. 


Formula , N.,0  \ molecular  weight , 44  ; liquefies 

at  —90°. 


Also  known  as  nitrous  oxide  and  laughing  gas. 

Mode  of  preparation. — Nitrous  oxide  is  ob- 
tained by  heating  crystals  of  _aniLLl£ill^  R1  a 

flask,  and  collecting 'tlr^a^over  warm  water,  as  it  is 
appreciably  soluble  in  cold  water  (Fig.  111). 


I 
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nh4no3 


= NgO  + 2H20, 


Ammonium 

nitrate. 


Nitrons 

oxide. 


Water, 


> 


Properties.  — The  specific  gravity  of  nitrous 
oxide  is  22,  and  it  is  heavier  than  air  ; it  is  colourless 
and  odourless,  but  has  a slightly  sweet  taste  ; it  is 
non  combustible  ) it  is  fairly  soluble  in  cold  water,  but 
considerably  less  so  inTiot.  It  is  not  a poisonous  gas, 


although  when  inhaled  in  a pure  state  it  produces 
insensibility,  and  is  hence  used  for  the  painless  per- 
formance of  some  minor  operations.  If  the  adminis- 
tration of  it  be  continued  for  too  long  a time,  death 
from  asphyxia  will  result.  Nitrous  oxide,  prepared 
as  above,  usually  contains  some  nitrogen  peroxide 
and  chlorine  (the  latter  from  the  ammonium  chloride 
usually  present  in  commercial  ammonium  nitrate). 
To  get  rid  of  these  dangerous  impurities,  the  gas 
should  be  passed  through  potassium  hydrate  and 
ferrous  sulphate  solutions.  The  name  of  “laughing 
gas~n  is  due  to  the  facT  that  if  nitrous  oxide  be 
inhaled  mixed  with  air,  a feeling  of  exhilaration  is 


Fig.  12.— Preparation  of  Nitrogen  Monoxide. 
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produced.  Nitrous  oxide,  when  brought  in  contact 
with  the  air,  remains  unchanged. 

Tests. — The  fact  that  nitrous  oxide  is  a colourless 
gas,  and  does  not  change  colour  on  exposure  to  the 
air,  is  sufficient  to  distinguish  it  from  the  other  oxides 
of  nitrogen ; it  may,  however,  be  confounded  with 
oxygen,  since  it  rekindles  a glowing  splinter  of  wood. 

It  can  be  readily  distinguished  from  oxygen  by  two 
tests  : , , 

@ Adding  a little  nitric  oxide,  which  will  pro- 
{ duce  no' effect  with  nitrous  oxide,  but  will  turn  deep  /Vl 
red  with  oxygen. 


L I - 


0 Burning  a piece  of  potassium  in  some  of  the 
gas  collected  over  mercury ; nitrous  oxide  liberates  a ^ 
its  own  volume  of  nitrogen,  and  so  the  volume  of  the  - 


gas  when  cold  will  be  unchanged  ; if,  however,  it  is 
j)ure  oxygen  the  gas  will  disappear,  as  it  combines 
. with  the  potassium  to  form  solid  potassium  oxide. 

Phosphorus  and  sulphur,  when  well  alight,  burn 
brilliantly  in  laughing  gas. 


NITROGEN  DIOXIDE. 


I A 


Formula , NO  ; molecular  weight,  30  ; liquefies 

. at  -154°. 

..  . , t/J  -O  l i ,tL  Av'  t J*  i * n/  ft 


Also  known  as  nitric  oxide.  ( i *, 

diodes  of  i>rea>aratioii. — /If  Nitrogen  dioxide 


is  most  readily  obtained  by^ourmg  slightly  diluted 
nitric  acid  (of  sp.  gr.  D23)  upfm  Conner  turnings  anc} 


(c r . 

collecting  tne  gas  over  water  .(Fig.  13). 

Of  the  nitric  acid  employed,  only  one-fourtli  fur- 
nishes the  gas,  the  other  three-fourths  uniting  with 
the  copper  to  form  copper  nitrate,  thus  : 


w 


3Cu  + 8flN03  = 3Cu(N03).2  + 2NO  + 4H20 

Copper.  Nitric  acid.  Copper  nitrate.  Nitrogen  Water.. 

dioxide. 
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Nitric  Oxide. 


a * \ 

/^Nitrogen  dioxide  may  also  be  prepared  _by_ 
the  action  of  nitric  acid,  of  the  same  strength  as  ,]ust 
'mentioned,  on  any  of  the  following  metals:  viz,  iron, 
Tea.d,  mercury  .silver,  and  bismuth. 

Properties. — The  specific  gravity  of  nitrogen 
dioxide  is  15.  As  the  sp.  gr.  of  NO  is  15,  its  mole- 
cular weigTi^must  be  30,  which  indicates  the  formula 
NO  In  this  formula  nitrogen  must  act  as  a dyad, 

/ 


l+M 


Fig.  13.— Preparation  of  Nitrogen  Dioxide. 


which  transgresses  the  usual  rule  that  the  valency  of 
an  element  cannot  be  odd  and  even ; but  as  the 
formula  is  confirmed  by  the  great  difficulty  of  liquefy- 
ing this  gas,  which  indicates  a molecule  with  fewer 
atoms  than  nitrous  oxide,  the  formula  NO  is  given  to 
t^js  substance,  and  the  anomaly  as  regards  the 
valency  of  nitrogen  awaits  future  explanation.  It  is 
a colourless  gas,  but  on  exposure  to  the  air  it  becomes 
of  a redtfeh- brown'  colour,  due  to  itsHTrniting"'\vith 
oxygen  of  the  air  to  form  either  nitrogen  trioxide  or 
l^Tfoxide.  Thus,  if  in  contact  with  excess  of  air, 
nitrogen  tetroxide  will  be  produced  : 


II 
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2N0  + 02  = 2N0 . 

Nitrogen  Oxygen.  Nitrogen 

dioxide.  tetroxide. 


As  regards  the  odour  and  taste  of  nitrogen 
dioxide  nothing  is  definitely  known,  since  it  is  im- 
possible to  either  smell  or  taste  it  without  its  being 
brought  into  contact  with  air,  in  which  case  the  smell 
and  taste  of  either  nitrogen  trioxide  or  tetroxide 
would  be  observed.  Nitrogen  dioxide  is  non-com- 
bustible. A burning  taper  is  extinguished  when 
plunged  into  this  gas,  but  if  a more  combustible  sub- 
stance, such  as  a brightly  burning  piece  of  phosphorus, 
be  placed  in  the  gas  it  decomposes  the  NO,  liberating 
the  oxygen  in  which  it  continues  to  burn.  It  is 
j practically  insoluble  in  water,  and  it  is  a poisonous 
gas.  If  passed  into  a solution  of  ferrous  sulphate  it 
is  absorbed,  forming  a dark  brown  solution  which 
evolves  nitric  oxide  when  heated advantage  is  taken 
61  this  property  in  the  ordinary  test  for  nitrates,  in 
which  ferrous  sulphate  and  sulphuric  acid  are  added 
as  reagents. 

Test. — Nitrogen  dioxide  is  the  only  colourless 
gas  "that ""becomes” oT  a reddish-brown  colour  on  ex- 
posure to  the  air;  this  is,  therefore,  a very  simple  and 
absolutely  diagnostic  test  for  the  gas. 


i 


NITROGEN  TRIOXIDE. 


Formula , N0Os  ; molecular  iveight, 

at  —18°. 


'6  ; liquefies 

Also  known  as  nitrous  anhydride. 

Modes  of  i»r£paiiallailaj-/it  Nitrogen  trioxide 


is  best  prepared  by  the  action  of  nitric  acid, 

on  white  arsenic  (dtsemous1  oxide),  when  tl 
— «.  • i r . ' i j;„i,  n. 


at  70°, 


being  evolved,  thus  : 

A 


arsenic  is  produced,  a reddish-brown 


gas 


4 


Ill 
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en  Trioxide. 


As„(X  + 2HN03  - 


Arsemous 

oxide. 


Nitric 

acid. 


AS0O5  + 
Arsenic 
oxide. 


n2o3 

Nitrogen 

trioxide. 


+ h20 

W ater. 


Nitrogen  trioxide  can  be  obtained,  though  not  {>» 
in  a pure  state,  by  the  action  of  nitric  acid,  with 

heat,  on  starch.  ( *tu)0r.  “ 

/ill  Nitrogen  tfroxide  may  also  be  prepared  by  , * 
bringing  nitrogen  dioxide  in  contact  with  a limited 
amount  of  oxygen,  or  of  air,  thus  : 


4NO  + 02 

Nitrogen  Oxygen, 

dioxide. 


-^2^3 

Nitrogen 

trioxide. 


Properties. — If  the  reddish  fumes  obtained  by 
any  of  the  above  reactions  be  cooled  to  — 18°,  a blue 
liquid  is  obtained,  which  is  believed  to  be  liquid 
No03.  There  seems  to  be,  however,  considerable 
doubt  as  to  the  existence  of  gaseous  N203,  the  reddish 
fumes  mentioned  above  being  principally  a mixture 
of  NO  and  N02.  When  passed  into  water  the  red 
fumes  dissolve,  uniting  with  the  water  to  form 
nitrous  acid,  a very  unstable  body.  - 

N203  + H20  = 2HN02 

Nitrogen  Water.  Nitrous 

trioxide.  acid. 

Similarly,  if  passed  into  a solution  of  an  alkali 
or  of  an  alkaline  carbonate,  it  will  form  a nitrite  of 
the  alkali  metal,  thus  : 


2KHO 

Potassium 

hydrate. 

+ 

NA  = 

Nitrogen 

trioxide. 

2KN00 

Potassium 

nitrite. 

+ 

h2o 

Water. 

Na2C03 

Sodium 

carbonate. 

+ 

NA  = 

Nitrogen 

trioxide. 

2NaN02 

Sodium 

nitrite. 

+ 

co2 

Carbon 

dioxide. 
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NITROGEN  TETROXIDE. 

Formula,  N02  ; molecular  weight,  46  ; 
liquefies  at  -f-22. 


[Part  II. 


Also  known  as  nitric  jieroxide. 

u « ^ Modes  of  preparation. — The  simplest 
way  of  obtaining  nitrogen  tetroxide,  for  experimental 
0 j purposes,  is  by  the  action  of  strong  nR^ic  acid  on  jbhe_ 
metal  tin,  when  a violent  action  bakes  place  with” 
copious  evolution  of  the  gas  and  the  production  of  a 
white  powder,  metastannic  acid. 


f 


5Sn  + 20HNO3  = H10Sn5Oj5 

Tin.  Nitric  acid.  Metastannic 

acid. 


+ 20NO2  + 5HoO 

Nitrogen  Water, 
tetroxide. 


(n)  Nitrogen  tetroxide  may  be  obtained  by  mix- 
a ing  mlrogen  dioxide  with  a sufficiency  of  oxygen,  or 
4 of  air. 

2NO  + 0„  = 2N02 


Nitrogen 

dioxide. 


Oxygen. 


Nitrogen 

tetroxide] 


heate 


<m) 

ted. 


It  is 


W>.\*  2Pb(N03)3 

*1*  Lead 

nitrate. 


evolved  when 


= 2PbO  + 

Lead 

oxide. 


dry  lead  nitrate  ^is 
4 NO.,  + 02 

Nitric  Oxygen 

peroxide. 


f Properties* — The  specific  gravity  of  nitrogen 

tetroxide  is  23,  and  it  is  therefore  heavier  than  air. 
It  possesses  a reddish-brown  colour,  a strong  irritating 
odour,  and  an  unpleasant  acid  taste.  It  is  non-com- 
bustible, and  the  remarks  made  on  page  110,  as  to 
nitrogen  dioxide  being  a supporter  of  combustion, 
apply  to  this  gas.  It  dissolves  readily  in  water,  pro 
ducing  a mixture  of  nitrous  and  mine  acids.~ 


I V 


* HM%-+  ***** 

chap,  v.]  Nitric  Peroxide . 


it3 


2N0, 


+ H,0 

Nitrogen  Water, 

tetroxide. 


hno2  + 


HNO, 


Nitrous 

acid. 


Nitric 

acid. 


Similarly,  if  passed  into  a solution  of  an  alkali  or 
of  an  alkaline  carbonate^  it  will  form  a mixture  of  a 
nitrite  and  a nitrate  of  the  alkali  meTalT  t hit  ST 


2KHO 

Potassium 

hydrate. 


+ 2KOo  = 

Nitrogen 

tetroxide. 


KN00 

e-J 

Potassium 

nitrite. 


+ KNOg 

Potassium 

nitrate. 


H00 


+ xx2' 
Water. 


Na0CO.,  + 2N00 

~ . o dj 

Sodium  Nitrogen 

carbonate.  tetroxide. 


NaNOo  + NaNO.  -f  C03 

Sodium  Sodium  Carbon 

nitrite.  nitrate.  dioxide. 


N itrogen  tetroxide  is  a poisonous  gas:  it  is  p<>f. 
changecTwTien  7Tro  uglitTncontact  with  wieairl' 

The  remarks  made  on  the  formula  of  nitric  oxide 


apply  also  to  nitric  peroxide.  Its  specific  gravity, 
however,  varies  with  the  temperature.  Thus,  just 
above  its  boiling-point  (22°),  the  specific  gravity  is 
38‘3  ; at  140  it  is  23  j so  that  both  molecules, 
NOa  and  ISToO, 


1 2^/4,  seem  to  exist. 


NITROGEN  PENTOXIDE.  CtA 


« <>  r 


tV 


Formula , JST205  ; molecular  weight , 108  \ '7  *) 

melts , 30° -K  boils,  45°.  j . ' 

"*■  Also  known  as  nitric  anhydride.  - ti 

^lode  of  preparation.— -Nitrogen  pentoxide, 
or  nitric  anhydride,  is  prepared  by  passing  a stream 
of  chlorine  gas  over  solid  nitrate"  of  silver  contained 
inja^glass  tube  and  gently  heated,  when  the  chlorine 
silver  to  form  silu 


' 1 
1 1 


unites  with  the  silver  to  form  silue'r  chloride,  and  the 
vapour  of  nitric  anhydride  and  oxygen  are  evolved 
the  nitric  anhydride  condensing  as  a white  crystalline 
solicl  In  the  cool  part  of  the  lube,  and  fhp'nvyrmn 


escaping 


2 RhOy*  ; > H 4 
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4AgN03  + 2C13  = 4AgCl  + 2N206  + Ct-„. 

Silver  Chlorine.  Silver  Nitrogen  Oxygen, 

nitrate.  chloride.  pentoxidc. 


If  too  much  heat  is  employed,  the  nitric  anhydride 
is  decomposed  with  explosive  force. 

Properties.  — Nitrogen  pent  oxide,  or  nitric 
anhydride,  is  the  only- solid  oxide  of  nitrogen;  it  is  a 
white  crystalline  substance.  When  placed  in  water  // 
lit  forms  nitric  acid. 


n8o6  + 

H„0 

ZZZZ 

2 UNO 

Nitrogen 

Water. 

Nitric 

pentoxide. 

acid. 

It  decomposes  spontaneously  at  ordinary  tempera- 
tures. 


All  the  oxides  of  nitrogen  are  decomposed  when 
they  are  passed  over  red  hot  copper.  By  this  reac- 
tion, if  the  copper  be  weighed  and  the 
collected,  their  composition  can  be  determined. 


nitrogen 


NITRIC  ACID. 


Formula , HN08  ; molecular  iveiyht,  63  ; 
commences  to  boil  at  86°. 


Mode  of  preparation. — Nitric  acid  is  prepared 
by  the  distillation  of  sulphuric  acid  with  any  nitrat^. 
One  of  the  natural  nitrates,  potassium  nitralp  Hr  so- 
dium  nitrate,  is  employed,  and  according  to  the  amount 
oi:'  sulphuric  acid  and  the  heat  used,  an  acid  sulphate 
or  a neutral  sulphate  of  the  alkali  metal  will  be  left 
behind  in  the  retort.  Thus,  if  the  sulphuric  acid  be 
in  excess,  an  acid  sulphate  is  formeaT 

HN03 

Nitric 

add. 


KNO.(  + H3S04  = K HS04  + 

Potassium  Sulphuric  Potassium 

uitrate.  acid.  acid  sulphate,. 


Mm  ^ 
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Nitric  Acid. 


n.S 


At  a higher  temperature,  if  the  nitrate  be  in 
ex  cess,  a neutral  sulphate  is  formed  : 


2KNOs  + H2S04 

Potassium  Sulphuric 

nitrate.  acid. 


K3S04  + 2HN03 


Potassium 

sulphate. 


Nitric 

acid. 


Properties. — Nitric  acid,  if  pure,  is  a colourles. 
licpiid,  fuming  on  exposure  to  the  air,  and  possessing 
an  irritating  smell.  Commercial  nitric  acid  consists 
of  70  per'"cenf.  of  nitric  acid,  the  remaining  30  pei 
5ng  water,  and  it  is  of  specific  gravity  1-42. 


ce 


Pure  nitric  acid  is  of  specific  gravity  1’52,  and  is  a 
somewhat  unstable  body.  Aquafortis  is  an  old  name 
for  nitric  acid,  given  to  it  on  account  of  its  property 
of  acting  on  most  of  the  metals ; the  only  common 
metals  not  acted  on  by  nitric  acid  are  gold,  platinum, 
and  aluminium.  A mixture  of  two  parts  of  nitric  acid 
to  four  parts  of  hydrochloric  acid  is  known  as  aqua 
regia , on  account  of  its  property  of  dissolving  gold, 
the  “ king  of  metals.”  A commercial  article  known 
as  'yellow  or  fuming  nitric  acid , which  contains  dis- 
solved nitrogemtetroxicle,  is  made  by  distilling  potas-  "^ 
sTum’mtrate  and  strong  sulphuric  acid  in  the  propor-  r 
tions  to  form  the  neutral  potassium  sulphate,  and 
using  a higher  temperature  than  is  employed  in 
the  manufacture  of  the  ordinary  acid.  Nitric  acid  j 
1 corrodes  and  stains  the  skin  and  articles  of  clothing 
\ yellow  ; the  colour  is  not  removed  but  intensified  by  * 
\the  application  of  solution  of  ammonia.  Strong  nitrid 
jacid  is  a powerful  corrosive  and  irritant  poison^*^f  i 
NTtrfc  acid,  whether  in  the  free  state  or 
in  the  form  of  mmitrate,  may  be  detected  by  the  fol- 
lowing tests  : — (ujTq  a cold  solution  of  a nitrate,  con- 
tained in  a test-tube,  add  its  own  volume  of  strong 
sulphuric  acid,  mix  and  cool  under  the  tap,  incline 
the  tube,  and  pour  gently  down  its  side  a solution  of 
ferrous  sulphate ; a dark  brown  colour  will  then 
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appear  at  the  junction  of  the  two  liquids,  due  to  the 
liberated  nitrogen  dioxide  forming  a dark  brown  com- 
pound with  the  ferrous  sulphate.  This  test,  when 
carefully  conducted,  is  very  delicate. 

(ii^)  To  a solution  of  a nitrate  add  some  copper 
turnings,  carefully  add  strong  sulphuric  acid,  and 
then  apply  a gentle  heat  until  a free  liberation  of 
gas  occurs  : this  gas,  which  is  nitrogen  dioxide,  will 
become  of  a reddish-brown  colour  as  it  mixes  with 
the  air  in  the  test-tube. 

Nitrates  can  be  estimated  by  converting  them 
into  ammonia  by  nascent  hydrogen.  The  ammonia  is 
then  distilled  off  and  estimated  by  the  Nessler  test 
( see  Ammonia).  The  hydrogen  can  be  produced  by 
adding  some  potassium  hydrate  and  aluminium  foil  to 
the  solution  of  the  nitrate. 


KNO, 


Potassium 

nitrate. 


+ 8H  = NH. 

Hydrogen. 


3 + 

Ammonia. 


KHO 

Potassium 

hydrate. 


+ 2H20 


Water. 


NITRATES. 


Nitrates  occurring  in  nature  are  produced  by  the 
oxidation  of  organic  nitrogenous  bodies,  the  resulting 
nitric  acid  becoming  neutralised  by  contact  with  salts 
of  the  alkali  or  alkaline  earth  metals.  In  many, 
if  not  in  all  cases,  this  oxidation  of  the  nitrogen  of 
organic  nitrogenous  bodies  to  nitric  acid,  is  brought 
about  by  the  influence  of  a ferment  called  the  u nitrify- 
ing ferment. b which  may  exist  in  the  soil  or  in  water. 

le  nitre  or  saltpetre  (KNOs)  formed  in  the  surface 
soil  of  various  parts  of  India  is  produced  by  the  oxid- 
ation of  organic  nitrogenous  bodies  (especially  the 
excreta  of  animals  and  human  beings),  under  the 
influence  of  the  nitrifying  ferment  and  the  tropical 
heat,  in  a soil  rich  in  potassium  salts.  The  action  of 
this  ferment  ceases  when  exposed  to  the  light. 


w 


Chap,  v.i  Origin  of  Nitrates.  117. 

% 

The  ^mall  quan|ities«of  nitrates  (nitrates  of  calcium 
and  magnesium)  that  may  be  present  in  well-waters 
or  river-waters  which  have  been  contaminated  with 
sewage  are  similarly  produced  by  oxidation  of  the 
nitrogenous  matters  of  the  sewage,  under  the  influ- 
ence of  the  ferment,  to  nitric  acid,  and  subsequent 
neutralisation  of  this  acid  by  the  carbonate  of  calcium 
or  magnesium  in  the  water. 

A description  of  the  various  nitrates  and  nitrites 
will  be  given  with  their  respective  metals. 


o 
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AMMONIA AMMONIUM  SALTS. 


Ammonia — Preparation  and  Properties  of  Ammonia — Tests  for 
Ammonia  — Ammonium  — Sources  of  Ammonium  Salts — 
Ammonium  Chloride — Ammonium  Carbonate  — Ammonium 
Nitrate — Ammonium  Bromide — Ammonium  Sulphide — Am- 
monium Acetate — Ammonium  Citrate — Ammonium  Oxalate 
— Ammonium  Benzoate — Tests  for  Ammonium  Salts. 


AMMONIA. 


Formula,  NH3  ; molecular  weight,  17  ; 
liquefies  at  — 40°. 


-J 


Modes  of  preparation. 


tim^> 


Ammonia  gas  is 


best  nrenarert  hv  Jieatino^ajm  ammonium 

chloride  and  mucTTlTmo  (t'.-iO) 

T^ToTT 


or  slaked  lime 


PJ.  2NH,jCl  + CaO  = CaCl2  + 2NH.  + H„0 


^ Ammonium  Quicklime.  Calcium  Ammonia. 


eCi) 


chloride. 


2 
m 

chloride. 


Water ; 


or,  2NH4C1  + Ca(HO)2=CaCl2  + 2NH3  + 2H20 

mmonium  Slaked  Calcium  Ammonia.  Water, 

clilorido.  lime.  chloride. 


The  ammonia  gas  cannot  he  collected  over  water,  on 
account  of  its  extreme  solubility,  but  maybe  collected 


over  mercury,  or  by  upward  displacement  ( see  Fig.  14)^ 
account  of  its  being  lighter  than  air. 


on 


(Ammonia  may  also  be  prepared  by  heating 
ammonium  chloride,  or  any  other  ammonium  salt,  with 
caustic  potash  or  caustic  soda  : 


Hg/Vw  vix  VH/A  v*OLAMArv\> 
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NH4C1  + KHO  = NHS  + KC1  + H20. 

Ammonium  Caustic  Ammonia.  Potassium  Water; 

chloride.  potash.  ' chloride. 

NH4C1  + NaHO  = NH3  + NaCl  + ELO 

Ammonium  Caustic  Ammonia.  Sodium  Water, 

chloride.  soda.  chloride. 


|V&  N o 


Fig.  14.— Preparation  and  Collection  ot.  Ammonia  Oast' 


dilu 


flnj  Ammonia  is  obtained  by  the  action  of 
uTEr nitric  acid  on  the  metal  zinc  : 


4Zn  + 9HNO,  = 4Zn(N03)2  + NH8  + 3H20 

Zinc.  Nitric  acid.  Zinc  nitrate.  Ammonia.  Water. 


The  ammonia  is  not  evolved  in  this  case,  but 
unites  with  some  of  the  nitric  acid  to  form  ammonium 
nitrate,  from  which,  however,  it  may  be  set  free  by 
heating  with  a caustic  alkali. 


X 
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Chemistry. 

Qivj  Ammonia  is  also  obtained  by  the  action  of 
vneat  without  contact  of  air  (destructive  distills 
on  various  organic  nitrogenous  substances  _ of 

mi  i i i 


joth  animal  and  vegetable  origin.  Thus,  by  the 
iestructiv'e  distillation  of  the  horns’  of  animals,  am- 
monia may  be  obtained  ; hence  the  derivation  of  the 
old  name,  “ spirit  of  hartshorn/’  applied  to  solution  of 
ammonia.  Also  during  the  destructive  distillation  of 
coal,  about  half  of  the  nitrogen  unites  with  some 
of  the  hydrogen  of  the  coal  to  form  ammonia,  which 
is  ultimately  found  dissolved  in  the  light  “ tar  liquor  ” 
floating  on  the  top  of  the  condensed  tar. 

((vjE Ammonia  is  also  formed  during  the  sponta- 
neous decomposition  of  moist  animal  matter,  and 
'ttTUinlF the  putrefaction  of  urine  (see  Org.  Chem. 
ChamllL). 

0 By  heating  organic  nitrogenous  bodies  with 


S uouies  is  CUilVCILCU.  mw  auiuwma. 

taken  of  this  facT  TiTHelermining  tl 

ie  proportion  of  i 

nitrogen  present  in  organic  nitrogenous  bodies,  bv  \ 

ascertaining  the  amount  of  ammonia  produced,  when 

a weighed  quantity  of  the  organic 

body  is  heated  f 

with  a caustic  alkali. 

:v  of  ammonia  is 

%j 

i Properties. — The  specific  gravii 

8-5, 


air 


it  is 


a 


gas, 


w and  it  is  lighter  than  „ ^ 

wTUi  a characteristic  strong  pungent  odour  andritfka- 
line  taste  ; it  is  feebly  combustifelei^Sf  catching  "fire- 
in  air,  but  in  oxygen"  it  burns  with  a pale  yellowish 
or  greenish-yellow  flame;  it  also  burns  when  mixed 
with  hydrogen  or  coal  gas,  forming  nitric  acid  ; it  is 
not  a supporter  of  combustion.  It.  is_tlie  most  soluble 
of  all  gases  in  water ; 1 volume  of  water  dissolves 
over  800  volumes  of  the  gas  at  ordinary  temperatures. 
It  is  very  easily  liquefied  by  pressure,  since  at  ordin- 
ary temperatures  under  a pressure  of  seven  atmo- 
spheres it  becomes  liquid.  It  unites, readily  with  acids. 

if  1^^  I **  K ' 


I 


,o 


1 1 
i + 


O 


yv* 

V 


A 


Chap,  vi.]  Composition  of  Ammonia.  12  i 

forming  ammonium  salts.  It  must  therefore  be  dried 

by  passing  it  over  quick-lime  (CaO).  If  inhaled  in 

large  quantities  and  in  the  pure  state,  it  is  a poison, 

on  account  of  its  irritating  action  on  the  mucous 

membrane  of  the  respiratory  passages.  Ammonia  is 

composed  of  1 volume  of  nitrogen  united- with  3 

volumes  of  hydrogen,  the  4 volumes  BeingFondensed , 

as  a result  of  the  union,  to  2 volumes  ; therefore,  if 

ammonia  gas  is  decomposed  into  its  elements  its 

volume  becomes  doubled,  thus  : 

u“MUl  1 mmm 

2NH3  = N2  + 3H2 

2 molecules.  1 molecule.  3 molecules. 


Fig  15.- -a,  Ammonia  gas  before  the  passage  of  electric  sparks; 
b,  after  passage  of  electric  sparks  for  some  time  (volume  doubled). 

From  which  it  is  seen  that  2 molecules  of  ammonia 
gas  produce  4 molecules  of  the  mixture  of  nitrogen 
and  hydrogen,  and,  since  the  molecules  of  all  gases 
occupy  the  same  bulk,  therefore  ammonia  gas  becomes 
doubled  in  bulk  when  it  is  resolved  into  its  elements. 
This  decomposition  of  ammonia  gas  into  its  elements 
can  be  effected  at  a high  temperature,  or  by  passing 
electric  sparks  for  some  time  through  the  gas  confined 
in  a eudiometer  over  mercury  (Fig.  15). 


^r~tM*A^/U  vi  N '*  v 
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If  after  this  decomposition  into  its  elements  an  / 
excess  of  oxygen  be  added  and  the  mixture  exploded,  ( 
a great  diminution  in  bulk  takes  place,  owing  to  the 
hydrogen  uniting  with  half  its  volume  of  oxygen  to 
form  a minute  drop  of  water.  Two-thirds  of  this 
diminution  give  the  hydrogen  present  in  the  25  cc.  of 
ammonia.  Thus, 

I 

25  cc.  of  NH3  on  passing  sparks  = 50  cc.  of  N + H, 

add  30  cc.  of  oxygen  . \ 80  cc.  of  N -f  H -f  O ; 

explode,  the  residual  gas  measures  23-8  cc. 
diminution  = 80  — 23*8  = 56-2  cc.  ; 

multiplying  by  f we  get  37 -5  cc.  of  H 

and  (50  - 37 ’5)  12 ’5  cc.  of  IS"  in  25  cc.  of  NH3. 

jw*~,  • 

Tests. — .(i)  The  odour  of  the  gas  constitutes  a 
fairly  delicate  test. 

(ii)  Dense  white  fumes  are  produced  on  inserting 
a rod  moistened  with  strong  hydrochloric  acid  into  a 
jar  or  tube  of  the  gas. 

(iii)  Moistened  red  litmus  paper  is  turned  blue 

when  brought  in  contact  with  the  gas.  i 

(iv)  The  most  delicate  test  for  small  quantities 
of  ammonia  in  solution,  as  in  a drinking-water,  is  the 
“ Nessler  test  ” ; this  consists  in  adding  to  the  water 
some  Kessler  reagent  ( see  page  258),  when  a reddish- 
brown  colour  or  precipitate  is  produced,  according  to 
the  amount  of  ammonia  present.  This  test  will  detect 
1 part  of  ammonia  in  500,000  of  water.  Dp  to  a 
certain  strength,  the  intensity  of  the  colour  produced 
indicates  the  quantity  of  ammonia  present. 

AMMONIUM  AND  ITS  SALTS. 

The  radicle  ammonium  (NH4)  has  never  been 
isolated,  nor  has  the  molecule  (NH4)o.  The  latter, 
however,  has  been  obtained  in  the  form  of  an  amalgam 
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with  mercury,  by  placing  sodium  amalgam  in  a strong 
solution  of  ammonium  chloride,  when  the  ammonium 
takes  the  place  of  the  sodium,  and  a light,  bulky 
amalgam  with  a metallic  lustre  is  obtained. 

This  ammonium  amalgam  is,  however,  very  un- 
stable, and  in  the  course  of  a few  minutes  is  resolved 
into  free  mercury,  with  escape  of  ammonia  and 
hydrogen  gases. 

According  to  some  observers,  this  amalgam  is 
jsimply  a mass  of  mercury  swollen  out  by  bubbles  of 
ammonia  gas. 

oiirces  of  the  ammonium  salts.— ((Tj  The 
ammonium  salts  of  commerce  are  principally  prepared 
directly  or  indirectly  from  the  ammoniacal  tar  liquor 
of  the  gasworks  (see  Org.  Chem.  Chap.  Y.) ; this  contains,  ( . 
in  solutionTtfee  ammonia,  and  on  distillation,  neutrali- 
sation  with  hydrochloric  acid  and  subsequent  con- 
centration of  the  liquid  by  evaporation,  crystals  of 
ammonium  chloride  are  obtained.  /(Ir)  The  boracic 
acid  of  volcanic  origin  obtained  in  Tuscany  (see  page 
169)  is  accompanied  by  ammonium  salts,  and  on  sub--  f v 
mitting  the  crude  boracic  acid  to  heat  with  carbonate  *\  x 
of  soda,  a very  pure  carbonate  of  ammonium  (the  so- 
called  volcanic  carbonate  of  ammonium)  volatilises 
and  condenses,  (iii)  As  mentioned  on  page  120, 
solution  of  ammonia  (spirit  of  hartshorn)  was  formerly 
prepared  by  the  destructive  distillation  of  the  horns 
of  animals.  (iv)  The  excreta  of  some  animals,  such 
as  camels  and  serpents,  contain  large  quantities  of 
ammonium  salts ; and  by  heating  the  excreta  with 
sodium  chloride  (common  salt),  ammonium  chloride 
volatilises  and  can  be  condensed  in  the  solid  form. 
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Ammonium  chloride  (NH.cn.  Also  known 
sal  ammoniac.  As  previously  described,  this  is 
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obtained  from  the  ammoniacal  coal-tar  liquor  of  the 
asworks.^ 

Assiiiioniaim  carbonate  (N4H1GC308), — Pre- 


pared by  heating  a mixture  of  solid  ammonium 


chloride  and  chalk  (calcium  carbonate),  when  the  am- 
monium carbonate  sublimes  as  a white  solid.  This,  the 
commercial  ammonium  carbonate,  is  not  the  normal 
carbonate,  but  consists  of  a mixture  of  two  mole-^ 
gules  of  the  “bicarbonate  of  ammonium  (NH4HC03) 
with  one  molecule  of  the  carbamate  of  ammonium 
(NHjNHoCOo),  thus  : 


A 


2NH4HC03,  NH4NH2C03  = N4H16C308. 


By  dissolving  this  commercial  carbonate  in  water, 
the  carbamate  unites  with  the  elements  of  water  to 
form  the  normal  carbonate,  thus  : 


NH4NH2COc 


+ 


Ammonium 

carbamate. 


H„0  = (NH4)2C03 

Water.  Normal  ammonium 

" ' carbonate. 


ft 


\ 


Then,  if  some  solution  of  ammonia  be  added  to 
this  solution,  the  bicarbonate  is  also  converted  into 
the  normal  carbonate,  thus  : 


2NH4HC03  + 2NH3 

Ammonium  Ammonia, 

bicarbonate. 


2(NH4)2CO, 

Normal  ammonium 
carbonate. 


So  that  to  prepare  a solution  of  the  normal  am- 
monium carbonate,  such  as  is  employed  as  a test- 
reagent,  it  is  necessary  to  dissolve  the  commercial 
c a rb o n a t e""i n wdf ^ r^an cl  then  to  add  some  solution  of 
aimnppia. 

Ammonium  nitrate  (NH4N03). — Prepared  by 
neutralising  nitric  acid  with  ammonium  carbonate,  or 
with  solution  of  ammonia. 
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Ammonium  bromide  (NH4Br). — Prepared  by 
neutralising  hydrobromic  acid  with  ammonium  car- 
bonate, or  with  solution  of  ammonia. 

Ammonium  sulphide  ((NH4)3S). — Prepared 
by  saturating  solution  of  ammonia  with  sulphuretted 
hydrogen  gas. 

2NH3  + H3S  = (NH4)2S 

Ammonia.  Sulphuretted  Ammonium 

hydrogen.  sulphide. 

ABumonium  acetate  (NH4C2H303),  Ammo- 
11  in  hi  citrate  ((NH4)3C6H507),  ammonium 
oxalate  ((NH4)o0004), and  ammonium  benzoate 

(NH4C7H50  0)  are  made  by  neutralising  the  respective 
acids  with  ammonittm  carbonate,  or  with  solution  of 
ammonia. 

Tests  for  Ammonium  Salts. 

{(i)  If  a solution  of  an  ammonium  salt  be  heated 
with  caustic  potash  or  caustic  soda,  ammonia  gas  will 
Be  evolved,  which  can  be  recognised  by  its  odour,  by  \ 
its  turning  moistened  red  litmus  paper  blue,  and  by 
the  white  fumes  produced  when  a glass  rod  moistened 
with  strong  hydrochloric  acid  is  brought  near  it. 

,{ii)i  If  to  a solution  of  an  ammonium  salt  some 
Nessler  reagent  be  added,  a reddish-brown  colour  or 
precipitate  will  be  produced.  This  reaction  is  only 
used  for  detecting  very  minute  quantities  of  ammonia. 

Other  compounds  of  nitrogen  and  hydrogen  exist, 
but  they  are  somewhat  unstable. 

Hydroxy laanine  (NH3HO)  can  be  obtained  in 
solution  by  the  action  of  nascent  hydrogen  on  nitric 
acid.  It  has  been  prepared  in  the  pure  state,  when 
it  forms  a colourless,  odourless,  crystalline  solid, 
which  explodes  when  heated;  it  is  a powerful  re- 
ducing substance. 

Hydrazine  (N2H4). — This  is  a liquid  solidifying 


4 


V 

126  , * Chemistry.  . [Partii. 

W . hi  ; < % 

at  - 1°  ;.it  has*' a dreadful  odour,  and  fume?  violently 
in  the  air.  . ' r 1- 

Hydrazine  liydrate  (N2H4H20)is  a colourless- 
fuming  liquid  which  attacks  and  corrodes  glass,  cork, 
india-rubber,  etc.  It  is  a reducing  substance,  and 
forms  salts  with  acids  (JsT2H4HC1). 

Azoimide  (ISToH)  is  a liquid  boiling  .at  379, 
has  a fearful  odour,  is  very  soluble  in  water,  forming 
an  acid  solution  resembling  hydrochloric  acid  : thus, 
it  dissolves  iron  and  magnesium,  evolving  hydrogen, 
gives  a white  precipitate  with  silver  nitrate,  and 
forms  dense  white  fumes  with  ammonia.  It  explodes 
with  great  violence  when  heated. 


x 
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CHAPTER  VII. 


CHLORINE — OXIDES  AND  ACIDS  OF  CHLORINE. 


Halogen  Elements  Chlorine — Preparation  anti  Properties  of 
Chlorine  Tests  . for  Chlorine — Hydrochloric  Acid — Nitro- 
hy drochloric  Acid  — Chlorine  Monoxide  or  Hypochlorous 
Anhydride  Chlorine  Tetroxide  or  Chlorine  Peroxide — 

Hypochlorous  Acid  — Chlorinated  Bodies  — Chloric  Acid 

Perchloric  Acid. 


The  halogen  elements,  viz.  fluorine,  chlorine,  bromine, 
and  iodine,  are  four  elements  that  are”closely  allied 
.to^one  another  in  their  properties.  WitlTmetals  they. 
aTT  form  compounds  analogous  to  sea-salt,  hence  the 
derivation  of  the  term  halogen  (from  a Xg,  sea-salt; 
y Erl' aw,  I produce).  None  of  them  occur  free  in 
nature.  — - 


Symbol,  Cl;  molecule , Cl2 ; monad;  atomic  weight, 
35  5 ; molecular  weight,  71  ; liquefies  - 34°. 

Chlorine  occurs  in  nature  combined  with  metals 
as  chlorides,  of  which  the  commonest  is  sodium 
chloride,  sea-salt  or  rock-salt.  The  name  chlorine  is 
derived  from  'xXwpug,  green,  on  account  of  the  greenish- 
yellow  colour  of  the  gas. 

jgodes  of  prei»a»-ation.-/7i)V)hlorine  iswnost 
gachly  prepared  by  heating  amixftfre  of  strong  hydro  " 
hloric  acid  and  manganese  dioxide  (black  oxide  of 
manganese),  and  collecting  the  gas  by  downward  dis- 
placement ol  air  (Pig  it)). 


H ALOG  EN  E LE  ME  NTS. 


CHLORINE. 
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MnOc 


,3  + 4HC1  = 

Manganese  Hydrochloric 

dioxide.  acid. 


MnClo 

Manganese 

chloride. 


+ 


2H30 


+ ^1q 


Water. 


mixi 


beating  a 
xide.  and" 


Q sulphuric  acid. 


Fig.  16.— Preparation  and  Collection  of  Chlorine. 


2NaCl 

Mn03 

4- 

2H2S04 

= MnS04 

Sodium 

Manganese 

Sulphuric 

Manganese 

chloride. 

dioxide. 

acid. 

sulphate. 

Na3S04 

Sodium 

sulphate 

+ 

Clo  + 

Chlorine 

2H00 

&j 

Water. 

+ 


| q In  a similar  way,  chlorine  may  be  obtained  by  the 
1 I action  of  manganese  dioxide  and  sulphuric  acid  on 
R any  metallic  chloride. 

L*4  fiiij  By  j)assingxa  mixture  of  hydrochloric  acid 
gas  atm  air  over  red-hot-  brinks,  chlorine  is  liberated; 
Uy  this  method  the  chlorine  obtained  is  necessarily 
mixed  with  the  nitrogen  of  the  air,  an  admixture  of 
i but  little  importance  when  the  chlorine  is  to  be  used 
for  manufacturing  purposes. 
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4HC1  + 0,  = 


Hydrochloric 


acid  gas. 


Oxygen 
of  the  air. 


2H20 

Water. 


+ 


2d, 

Chlorine. 


M Deacon’s  process  for  the  manufacture  of 
lottne ' * 


chlotme  consists  in  passing  a mixture  of  hydrochloric 
acid  gas  and  air  over  heated  fra  laments  of  pumiceT 


stone  saturated  with"  cupric  chloride.  The  cupric 
t chloride  is  decomposed  into  cuprous  cEloride,  evolving 


one^alf  of  its  chlorine. 


d 


y 


2CuC12  = 

Cupric 

chloride. 


Cu3Cl3 

Cuprous 

chloride. 


+ CL 


Chlorine. 


The  cuprous  chloride  is  then  reconverted  into 
cupric  chloride  by  means  of  chlorine,  which  is  liberated 
from  the  hydrochloric  acid  gas  by  the  oxygen  of  the 
air. 


2Cu2C12 

Cuprous 

chloride. 


+ 4HC1  + 03  = 4CuC13  + 2H,0 

Hydrochloric  Oxygen  Cupric  Water. 


acid  gas. 


of  the  air. 


chloride. 


The  cupric  chloride  then  again  becomes  reduced 
to  cuprous  chloride  with  evolution  of  half  its  chlorine 

r Chlorine  may  be  obtained  by  the  electrolysis 
lochloiic  acid,  or  of  a solution  of  salt,  u sm 01 

T ‘""‘1 ■■  ■ — 2 ^ 


electrodes  of  gas-carbon  ; equal  volumes  of  cnlonm* 
and  hydrogen  are  evolved,  the  chlorine  being  set  free 
at  the  positive  pole,  and  the  hydrogen  or  sodium 
(immediately  converted  by  the  water  into  sodium 
hydrate  and  hydrogen)  at  the  negative  pole 

Properties.— Tlie  specific  gravity  of  chlorine  is 
3o‘5  i ^ is  a heavy  gas,  being  2^  times  heavier  than 
*aTr7  It  has  '^gTOnish-yellow  colour,  a very  un- 
pleasant suffocating  odour,  and  a disagreeable  taste. 
It  is  ribll-co mbu stable^  as  chlorine  will  Hut  bbfflbiue 
directly  wittT  oxygen,  but,  in  an  atmosphere  cf 
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hydrogen,  chlorine  will  burn  with  a pale  livid  flame, 
producing  hydrochloric  acid;  and  conversely,  hydrogen 
will  burn  in  an  atmosphere  of  chlorine.  Chlorine  is 
la  supporter  of  combustion  in  a limited  sense  only ; if 
i /a  burning  body  contains . hydrogen,  then  it  will  con- 
1 tiriue  to  burn  in  chlorine  with  a feeble  flame,  the 
chlorine  uniting  with  the  hydrogen  to  form  hydro- 
chloric acid,  but  not  uniting  with  the  carbon  of  the 
burning  body.  Thus,  if  a lighted  candle  be  lowered 
into  a jar  of  chlorine,  the  candle  will  continue  to  burn 
with  a reddish  flame,  and  all  the  carbon  will  be  set 
free  as  a dense  smoke.  A piece  of 
will  not  burn  in  chlorine.  sliice’iFcontains  no  Hydrogen, 
if  a piece  of  paper  saturated  with  oil  of  turpentine 
(C10H16)  be  thrown  into  a jar  oi  cnlonne,  the  turpen- 
tine  catches  fire  from  the  heat  produced  by  the  rapid 
union  of  the  chlorine  with  the  hydrogen,  but  all  the 
carbon  is  set  free  as  dense  smoke. 

Chlorine  is  also  a supporter  of  combustion  as 
regards  the  following  bodies.  A piece  of  phosphorus 
catches  fire  when  introduced  into  chlorine, . forming 
the  pentachloride  of  phosphorus  (PC15).  Chlorine 
with  also  combine  with  all  metals,  forming  metallic 
chlorides  ; and  if  some  metals  in  a fine  state  of 


division  (such  as  powdered  antimony)  be  thrown  into 
a jar  of  chlorine  they  will  ignite  spontaneously,  from 
the  heat  produced  by  the  intensity  of  the  union  of 
the  chlorine  with  the  metal.  Chlorine  is  soluble  in 
water,  1 volume  of  water  dissolving  about  ^'volumes 
“3F  the  gas  ; it  must,  therefore,  be  collected  over  hot 
water,  or  by  displacement,  not  over  mercury,  since  it 
would  combine  with  that  metal.  When  submitted  to 
a pressure  of  six  atmospheres,  at  ordinary  tempera- 
tures, it  is  cond^TThed  to  a yellow  liquid. 

Chlorine  is  a poisonous  gas,  acting  as  a powerful 
irritant  to  the  mucous  membrane  of  the  respiratory 
passages.  Chlorine  is  also  an  important  bleaching  and 
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disinfecting  agent ; it  bleaches  all  vegetable  colours  in 
presence  of  moisture,  acting  in  two  ways  : partly  by 
uniting  with  the  hydrogen  of  the  dye  and  replacing 
it  h>y  chlorine,  and  so  forming  a colourless  substitution 
product ; and  partly  Ty  uniting  with  the  hydrogen  of 
the  water  and  liberating  oxygen,  which  in  the  nascent 
state  oxidises  and  destroys  the  colouring  matter. 
Chlorine  does  not  bleach  mineral  colours.  As  a dis- 
infecting agent,  chlorine  acts  as  a powerful  germicide, 
but  its  unpleasant  odour  and  irntaffiig  properties 
when  inhaled  prevent  its  general  use  as  a disinfectant. 
jQhlorine  is  also  a deodoriser,  acting  by  virtue  of  its 
athnity  for  hydrogen,  by  uniting  with  the  hydrogen 
of  bad-smelling  gases  and  so  decomposing  them  ; for  l 
instance,  if  chlorine  be  brought  in  contact  with  sul-  I 
phuretted  hydrogen,  hydrochloric  acid  is  formed  and  I 
sulphur  precipitated.  I 


2H2S  + 2C13  = 4HC1  + S2 

Sulphuretted  Chlorine.  Hydrochloric  Sulphur 

hydrogen.  acid’gas. 


The  two  most  marked  chemical  properties  of  J 
/ 1 chlorine  are:  (aS  its  propei4y‘*oP*CT^^ 

hydrogen ; (g)  its  property  of  uniting  with  metals. 

^ Several  instances  of  both  these  properties  have  been 
given  ; a further  illustration  of  the  first-mentioned 
one  may  be  given  here.  So  great  is  the  power  of 
chlorine  of  uniting  with  hydrogen,  that  if  chlorine 
water  be  simply  exposed  to  direct  sunlight  it  is  de- 
composed, the  chlorine  uniting  with  the  hydrogen  of 
the  water  and  setting  free  the  oxygen. 


2HsO  -f  2C12  = 4HC1  + 09 

Water.  Chlorine.  Hydrochloric  Oxygen. 

acid. 

If  a mixture  of  equal  volumes  of  hydrogen  and 
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chlorine  be  exposed  to  sunlight,  the  mixture  will 
explode. 

Tests. — 0 The  colour,  the  odour  and  the  fact 
that  a piece  of  moistenect  litmus  papbr  (blue  or  red) 
is  bleached  by  the  gas,  constitute  very  fair  tests  for 
chlorine. 

(n)  The  most  delicate  test  for  chlorine  is  based 
i ipon  the-  fact  of  its  liberating  iodine  from  iodide  of 
"'r  potassium , the  liberated  iodine  in  contact  with  starch 
forming  a blue  compound.  If  a piece  of  blotting- 
iaper  "be  clippecT  in  a mixed  solution  of  potassium 
iodide  and  starch  paste,  and  then  be  brought  in  con- 
tact with  chlorine,  it  is  turned  of  a blue  colour.  J 
(N.B. — This  reaction  is  also  produced  by  ozone,  and 
by  nitrogen, trioxide  and  peroxide-,  see  page  81.) 


I 


S'U' 


HYDROGEN  CHLORIDE. 

Formula , HC1 ; molecular  weight , 3j3;5. 


A solution  of  this  gas  is  known  as  muriatic  acid , 
hydrochloric  acid , and  spirit  of  salt.  The  latter  name 
is  applied  to  an  impure  form  of  the  acid,  which  is  of 
a yellowish  colour  from  contamination  with  ferric 
clTlftride  j it  also  generally  contains  arsenic  ns  an 
impurity,  derived  from  the  impure  sulphuric  acid 
that  is  used  in  its  manufacture^,^ 

| j Modes  of  preparation.— Fimvdrogen chloride 

! is  most  easily  prepared  by  heating  a mixture  of  sodium 
chloride  (common  salt")  and  sulphuric  aoir)., 


2NaCl 

Sodium 

chloride. 


+ HoS04  = Na2S04  + 2 HOI 


Sulphuric 

acid. 


Sodium 
sul  phate. 


Hydrogen 

chloride. 


The  hydrogen  chloride  is  given  off  as  a gas,  and 
after  washing  it  through  a small  quantity  of  water,  it 
is  conveyed  into  water  contained  in  a bottle  kept  cool 
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by  being  surrounded  with  water  (Fig.  17).  It  readily 
dissolves  in  the  water,  and  this  solution  constitutes 
the  hydrochloric  acid  of  commerce. 

\ 

SS 


Fig.  17.— Preparation  of  Hydrochloric  Acid. 


^ii^  In  a similar  manner,  hydrochloric  acid  may  / 
'e  prepared  by  heating  sulphuric  acid  with  any  ( 
metallic  chloride. _ 1 J / 

^Hydrogen  chloride  may  be  prepared  by  mix-  ’ 
ing  together  equal  volumes  of  hydrogen  and  chlorine 
and  exposing  the  mixture  of  gases  to  diffused  light" 
whgn  they  combine  quietly;  it  the  mixture  be  exposed 
tpstrong  sunlight,"  orTf  a light-  be  applied,  the  two 
unite  suddenly  with  an  explosion.  tL'he  volume 
of  hydrochloric  acid  gas  formed  is  exactly  equal  to 
the  volumes  of  the  constituents  ; for 


H2  + Cl2  = 2HC1 

1 molecule.  1 molecule.  2 molecules. 

One  molecule  of  hydrogen  unites  with  one  molecule  of 
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chlorine  to  produce  two  molecules  of  hydrochloric 
acid  gas. 

(rv)  Hydrogen  chloride  is  also  formed  when  a 
mixture  of  steam  and  chlorine  is  passed  through  a 

red-hot  porcelain  tube. 

*■"7 — 

. ^ ' 2H20  + 2C12  = 

Water.  Chlorine. 

Properties. — Hydrogen  chloride  is  a colourless 
gas  of  specific  gravity  18-25,  and  is  therefore  some- 
what heavier  than  air  ; it  possesses  a pungent  odour, 
and  an  intensely  acid  taste  ; it  is  neither  combustible 
g nor  a sTTp|WileF''6f  combustion?"  It  fumps  when 
y brought  in  contact  with  the  air,  owing  IcT  its  dissolv- 
ing in  the  moisture  of  the~ airland  forming  a cloud 
f of  hydrochloric  acid.  It  is  very  soluble  in  water, 
1 volume  of  water  dissolving  4tT4  volumes  of  the  gas 
at  ordinary  temperatures;  this  solution  of  the  gas 
'Til  water  constitutes  hydrochloric  or  muriatic  acid. 
The  acid  is  a fuming  liquid  of  specific  gravity  IT  6, 
and  containing  32  per  cent,  by  weight  of  hydrbgen 
chloride.  It  is  decomposed  by  a current  of  electricity 
(using  gas-carbon  electrodes)  into  its  elements,  equal 
volumes  of  chlorine  and  hydrogen  being  evolved,  the 
former  from  the  positive  pole  and  the  latter  from  the 
negative  pole  (at  first  only  hydrogen  is  evolved,  all 
the  chlorine  being  dissolved  in  the  fluid). 

Hydrochloric  acid  is  very  useful  in  the  laboratory 
as  a solvent;  it  dissolves  many  metals  and  oxides 
forming  chlorides:  all  chlorides  are  soluble  in  water 
except  silver,  mercurous,  cuprous,  and  lead  chlorides 
(Tfre  latter  dissolves  in  hot  water). 

Tests. — (T)  For  the  gas. — It  fumes  when  brought 
in  SoirfHvt  with  the  air,  and  also  produces  a dense 
white  cloud  when  brought  in  contact  with  ammonia 
gas ; it  turns  blue  litmus  paper  red. 
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n)  For  the  liquid . — Nitrate  of  silver  gives  a t 
white  curdy  precipitate,  wflich  is  insoluble  in  strong 
nitric  acid,  but  is  soluble  in  solution  of  ammonia. 

^n)  When  hydrochloric  acid  is  heated  with  MnOs, 


chlorine  gas  is  evolved 


t 

H 


NITRO-HYDROCHLORIC  ACID  OR  AQUA 

REGIA. 


This  name  is  given  to  a mixture  of  strong  nitric 
and  hydrochloric  acids ; the  mixture  has  a very 
powerful  solvent  action  on  metals.  As  we  have  seen, 
the  name  aqua  regia  is  derived  from  the  fact  that  it 
dissolves  gold — the  “king  of  metals.”  Its  solvent 
action  on  metals  is  due  to.  the  nitric  acid,  m presence 
of  the  metal,  liberating  chlorine  from  the  hydrochloric 
acid,  tile' nascent  chlorine  then  uniting  with  the  metal. 
This  Is  best  represented  in  two  equations,  thus  : 


2HN03  + 6HC1  = 4H20  + 2NO  + 3C12 


Nitric  acid. 

Hydrochloric  Watex\ 

acid. 

Nitrogen 

dioxide. 

Chloi’ine  ; 

then 

2Au  + 3C12  = 

Gold.  Chlorine. 

2AuC13 

Gold  chloride. 

M / i' 

r \ lid-  ( , t t 

Cl 

f % * : '■  y I //  f l ■'*  i . 

COMPOUNDS  OF  CHLORINE  AND 

OXYGEN. 


Chlorine  and  oxygen  do  not  unite  directly  ; but 
indirectly  they  may  be  made  to  form  the  two  follow- 
ing oxides  of  chlorine  : 

C120  Chlorine  monoxide  or  hypochlorous  anhydride. 
C1204  Chlorine  tetroxide  or  chlorine  peroxide. 
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CHLORINE  MONOXIDE  OR  HYPO- 
CHLOROUS  ANHYDRIDE. 

Formula,  CLO ; molecular  weight,  87. 

Mode  of  preparation. — By  the  action  of 
chlorine  gas  on  the  yellow  or  precipitated  mercuric 
oxide. 


2HgO  + 2C13  Hg2OCl3  + C1.0 

Mercuric  oxide.  Chlorine.  Mercuric  Chlorine 

Oxychloride.  monoxide. 

Properties. — Chlorine  monoxide  is  a yellowish 
gas  possessing  an  odour  similar  to  that  of  cHorine ; 
when  heated  it  d^onipp.?cs.  into  its  element.^  with 
explosive  violence.  It  unites  with  water,  forming 
hypoclilorous  acid.  ^ 

C120  + H30  = 2HC10 

Hypoclilorous  % Water.  Hypoclilorous 

anhydride.  ‘ acid. 


CHLORINE  TETROXIDE  OR  CHLORINE 

PEROXIDE. 

Formula,  Ck>04;  molecular  weight,  135. 

Mode  of  preparation  — By  very  gently  heat- 
ing potassium  chlorate  with  pure  sulphuric  acid, 
chloric  acid  is  first  formed  and  then  breaks  up. 

3HC103  = HC104  + C1204  + H00 

Chloric  Perchloric  Chlorine  Water, 

acid.  acid.  Peroxide. 


Properties. — Chlorine  tetroxide  is  a dark  yellow 
gas,  exploding  with  terrific  violence  when  heated, 
(beat  care  is  required  in  its  piVparlitioii. 
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OXYACIDS  OF  CHLORINE. 
There  are  three  oxyacids  of  chlorine,  viz.  : 


HC10  Hypochlorous  acid. 
HC103  Chloric 
HClOj  Perchloric 


» 


HYPOCHLOROUS  ACID. 


Formula,  HCIO. 


Mode  of  preparation.—^)}  By  the  action  of 
hypochlorous  anhydride  on  water?®  ” •""" 


C120  + h2o 

Hypochlorous  Water, 

anhydride. 

= 2HC10 

Hypochlorous 

aci'd. 

P)  By 

shaking  chlorine  water 

with 

calcium 

carbonate. 

CaC08 

Calciun^, 

carbonate 

+ h20  + 

Water. 

2012  = 
Chlorine. 

co2 

Carbon 

dioxide. 

+ 

2HC10  + 

Hypochlorous 

acid. 

CaCL 

Calcium 

chloride. 

- 

. p,°Perties  and  compounds — Hypochlorous 
acid  when  mixed  with  hydrochloric  acid  suffers  decom- 
position, chlorine  being  evolved. 

HCIO  + HC1  = CL  + , HLO 

Hypochlorous  Hydrochloric  Chlorine.  Water 
acid.  acid. 


Hypochlorous  acid  enters  into  the  composition  0: 
bodies,  which  consist  of  a mix 


ana  a liypocl 
dilon nated  b( 


Hll< 


4L 
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CaCl2,  Ca(C10)2  Chlorinated  lime. 
NaCl,  NaCIO  „ soda. 

KC1,  KCIO  „ potash, 
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They  are  made  by  the  action  of  chlorine  gas  on 
the  can stic  alkalies,  or  on  the  soluble  alkaline  carbon- 
ates. When  acted  on  by  acids  they  evolve  their 
chlorine ; when  their  solutions  are  boiled  they  split 
up  into  chlorates  and  chlorides. 

Chlorinated  lime. — This  is  prepared  by  passing 
chlorine  over  damp  slaked  lime.  " 

r1 ^ 


2Ca(HO)2  + 2C12  = CaCl2,  Ca(C10)2  + 2H20 

Slaked  lime.  Chlorine.  Chlorinated  lime.  Water. 


Properties. — Chlorinated  lime  constitutes  bleach- 
ing poivder,  or  the  disinfectant  known chloride,  of 
lime.  When  treated  with  an  acid,  such  as  sulphuric 
acid,  hydrochloric  and  hypochlorous  acids  are  first 
set  free,  and’  then  immediately  react  on  one  another, 
^ producing  free  chlorine. 


CaCl2,  Ca(C10)2  + 

Chlorinated  lime. 

2HC1 

Hydrochloric 

acid. 

then 


2H2S04  = 2CaS04 

Sulphuric  Calcium 

acid.  sulphate. 

+ 2HC10 

Hypochlorous 
acid  ; 


+ 


HC1  + HCIO  = Cl2  + H,0 

Hydrochloric  Hypochlorous  Chlorine.  Water, 

acid  acid. 


Chlorinated  lime  is  acted  on  by  the  weakest  acids, 
for  even  when  exposed  to  the  air,  the  carbon  dioxide 
(carbonic  acid  gas)  of  the  air  sets  free  hypochlorous 
acid,  which  then  decomposes  with  evolution  of 
chlorine ; it  is  in  this  way  that  chloride  of  lime  acts 
as  a disinfectant.  Its  bleaching  pc  jrers  also  depend 
on  the  evolution  of  chlorine.  If  a solution  of 


L^c  cr 


/ 

/ 
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chlorinated  lime  be  boiled,  it  yields 
chloride  of  calcium. 
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chlorate  and 


3(CaCl2,  Ca(C10)3)  = Ca(C103)2  + 5CaCl2 

Chlorinated  lime.  Calcium  Calcium 

chlorate.  chloride. 


Solid  bleaching  powder  is  probably  a special  com- 
pound of  calcium,  chlorine,  and  oxygen,  having  the 

formula  j Ca^ 


1’0C1 9 s*nce>  ^ ^ contained  calcium 

chloride,  it  should  be  deliquescent,  and  alcohol  ought 
to  dissolve  out  calcium  chloride.  Good  bleaching 
powder  is  not  deliquescent,  and  no  CaCl2  is  extracted 
by  alcohol.  Moreover,  if  dry  bleaching  powder  be 
f warmed  to  70°  and  carbon  dioxide  be  passed  over  it, 
vail  the  chlorine  is  evolved,  and  it  is  improbable  that  a 
(chloride  should  be  thus  decomposed.  When  bleach- 
ing powder  is  dissolved  in  water  it  seems  to  break  up 
Vito  a mixture  of  calcium  chloride  and  calcium  hypo- 
chlorite. The  above  formula  (CaOCl2)  was  first 
broposed  by  Odling. 

Chlorinated  soda.  — Prepared  by  passing 
chlorine  into  solution  of  caustic  soda  or  solution  of 
sodium  carbonate. 


2NaHO 

Caustic  soda. 

+ 

a*  = 

Chlorine. 

NaCl,  NaCIO 

Chlorinated  soda. 

+ 

h2o 

Water ; 

or 

Na2C03 

Sodium 

carbonate. 

+ 

Cl2  = 

Chlorine. 

NaCl,  NaCIO 

Chlorinated  soda. 

+ 

COo 

Carbon 

dioxide. 

Properties. — The  properties  of  chlorinated  soda 
are  similar  to  those  of  chlorinated  lime.  Acids  liberate 
chlorine  from  it ; boiling  its  solution  converts  it  into 
chlorate  and  chloride  of  sodium. 

Chlorinated  potash — Preparation  and  pro- 
perties similar  to  those  of  chlorinated  soda. 
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CHLORIC  ACID. 

Formula , HC103. 

Mode  of  preparation. — -Chloric  acid  is  most 
readily  prepared  by  cautiously  adding  sulphuric  acicT 
a solution  of  bariuny  chlorate,  allowing  the  precipit- 
ated bariunbsulpliate  to  subside,  and  then  pouring  off 
the' clear  liquid. 


Ba(C103)2 

Barium 

chlorate. 


+ 


h2so4 

Sulphuric 

acid. 


2HC10S  + BaS04 


Chloric 

acid. 


Barium 

sulphate. 


per  ties!— (^Idoric  acid  is  a most  powerful 
oxidising  agent.  Its  salts  are  the  chlorates,  of  which 
the  most  important  is  potassium  chlorate.  No 
chlorates  exist  in  nature,  they  therefore  have  to  be 
made  artificially,  and,  as  previously  mentioned,  they 
are  readily  obtained  by  boiling  solutions  of  the  chlori- 
nated bodies. 

Potassium  chlorate  (KC103). — Prepared  by 
boiling  a solution  of  chlorinated  potash  (see  page  139), 
or  by  passing  chlorine  into  a heated  solution  of  caustic 
potash,  in  which  case  the  chlorinated  potash  is  first 
formed,  and  is  then  immediately  decomposed  by  the 
heat  into  potassium  chlorate  and  chloride. 


GKHO  + 3C12  = KC103  + 

Potassium  Chlorine.  Potassium 
hydrate.  chlorate. 


5KC1  + 3H20 

Potassium  Water, 
chloride. 


On  concentrating  the  solution  by  evaporation,  and 
then  allowing  it  to  cool,  the  potassium  chlorate  crys- 
tallises out,  leaving  the  more  soluble  potassium  chloride 
in  solution. 

Test. — When  a chlorate  is  gently  heated  with 
strong  sulphuric  acid  a yellow  gas,  peroxide  of  chlorine^ 
is  evolved,  which  detonates  when  heated  (see  page 
136). 
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PERCHLORIC  ACID. 

' Formula , HC104. 

Mode  of  preparation. — If  potassium  chlorate 
be  strongly  heated  it  evolves  all  its  oxygen,  leaving 
potassium  chloride ; but  if  it  be  heated  until  it  just 
melts,  and  then  kept  for  a short  time  at  that  tempera- 
ture, onty  one-third  of  the  oxygen  is  evolved,  and  a 
mixture  of  potassium  perchlorate  and  chloride  is  left. 

2KCIO3  = KC104  + KC1  + Oo 

Potassium  Potassium  Potassium  Oxygen. 

chlorate.  perchlorate.  chloride. 


From  this  mixture  the  potassium  chloride  can  be 
removed  by  virtue  of  its  greater  solubility  in  water, 
and  the  perchlorate  obtained  pure. 


y heating  potassium 
perchloric  acid  distil 


2KC104  + H2S04  = K2S04  + 2HC104 

Potassium  Sulphuric  Potassium  Perchloric 

perchlorate.  acid.  sulphate.  acid. 

Properties. — Perchloric  acid  is  a colourless 
fuming  liquid,  and  is  a very  powerful  oxidising 
agent.  The  perchlorates  do  not  evolve  an  explosive 
gas  when  heated  with  strong  sulphuric  acid. 


» 
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CHAPTER  VIII. 


BROMINE — IODINE FLUORINE. 


Bromine— Preparation  and  Properties  of  Bromine— Tests  for 
Bromine— Hydrobromic  Acid — Hypobromous  Acid — Sodium 
Hypobromite— Iodine — Preparation  and  Properties  of  Iodine — 
Tests  for  Iodine — Hydriodic  Acid — Iodic  Acid — Chlorides  oi 
Iodine  Iodide  of  Nitrogen — Fluorine — Hydrofluoric  Acid. 


BROMINE. 


Symbol , Br ; molecule,  Br2 ; monad;  atomic  weight, 
80;  molecular  weight,  160.  Boils  at  59°; 
f feezes  at  — 7°. 


Bromine  does  not  occur  in  nature  in  the  free  state, 
but  in  the  form  of  metallic  bromides.  The  bromides 
of  sodium  and  magii^ium^Er^fSSSnl  in  small  qiTan- 
tities  in  many  mineral  springs,  and  in  sea-water; 
bromide  of  potassium  fs'also  present  in  the  "Stassfurt 
salts,  which  occur  as  deposits  on  a large  scale"'  in 
Northern  Germany. 

I^<le  °f  Pre|>ai  atio>1 — Bromine  may  be  pre- 
pared from  the  mother  liquors  of  mineral  spring 
waters,  or  from  bittern,  the  mother  liquor  of  concen- 
trated sea-water  (from  which  most  of  the  chlorides 
have  crystallised  out),  or  from  Stassfurt  salts.  The 
bromine  is  set  free  by  distil li  11  gTJie  mother  liquors  or 
tlie  Stassfurt  salts  with  sulphuric  acid  and 
clioxide.  using  only  sutUcient  ot  these  tw 


manganese 


two  bodies  to 
the  clilorme  would 


liberate  me  oromniH.  otherwise  , . 

also  be  liberated  from  the  chlorides  that  are  always 
present,  aml'VbmTdTdnlalii ma  te  TTieTb ro m ine  by  form- 
ing with  it  a chloride  of  bromine.  The  liberation  of 
the  bromine,  by  the  manganese  dioxide  and  sulphuric 


I 

i 


Chap.  VIII.] 


Bromine. 


143 


acid,  takes  place  in  a similar  manner  to  the  liberation 
of  chlorine  by  the  same  reagents: 


2NaBr 

Sodium 

bromide. 


+ MnO,  + 2H0SO, 


2 

Manganese 

dioxide. 


Sulphuric 

acid. 


— Br2  + 

Bromine. 


Na2S04  + MnS04  + 2H20 

Sodium  Manganese  Water, 

sulphate.  sulphate. 


J^he^bromine  passes  over  as  a heavy  reddish-brown 
yapom^hitrh'  is  condensed  to  a liquid  by  means  of  a 
suitable  condenser  and  cool  receiver.  The  bromine 
so  obtained  generally  contains  small  quantities  of 
chipping,  present  as  chloride  of  bromine,  from 'which 
it  can  be  purified  by  redistilling  with  some  potassium 
bromide,  thus  ^ 

BrCl  -p  KBr  = KC1  + Br0 

Potassium  Potassium  Bromine 

chloride.  bromide.  chloride. 

Properties,— -Bromine  is  a heavy  liquid  (bromine 
and  meicuiy  are  the  dhfy  elements  liquid  at  ordinary 
temperatures)  of  a dark  red-brown  colour,  and  of 
sjiecifi c gt avit y 3 -18  at  0 . It  is  very  volatile,  forming  a 
reddish-brown  vapour  possessing  a disagreeable  odour, 
somewhat  resembling  that  of  chlorine,  but  much  more 
intense ; this  vapour  is  poisonous,  and  is  extremely 
irritating  to  the  mucous  membranes  of  the  eye,  nose, 
and  respiratory  passages  ; the  name  of  the  element  is 
derived  from  fipCjjxoQ,  a stink , on  account  of  its  ex- 
tremely disagreeable  smell.  It  is  soluble  to  a certain 
extent  in  water,  bromine-water  being  of  a reddish- 
brown  colour.  its  chemic;il  affinities  for  hvdroo-nn 
and  tne  medals  "are  Veaker  ' than*Thosc  of  chlorine, 
which  can  be  demonstrated  by  adding  a few  drops  of 
chlorine-water  to  a solution  . of  potassium  bromide, 
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when  the  development  of  a reddish-brown  colour  in 
the  solution  indicates  the  liberation  of  the  bromine, 
thus"  ~ 1,111 

2KBr  + Cl3  = 2KC1  + Br2 

Potassium  Chlorine.  Potassium  Bromine, 
bromide.  chloride. 

Tests.  — In  the  pure  state,  bromine  is  readily 
recognised-  by  its  colour  and  smell  ; in  the  diluted 
state,  such  as  m*-w  ysckr  bromiTT^vater,  it  may  be 
recognised  nag  by  its  .colour  becoming  intensified 
by  the  addiCisn  of  some  decoction  of  starch;  ^by 
giving  a white  precipitate  on  the  addition  ot  an 
Jaquebus  solution  of  carbolic  acid  cy  bv  shaking 


with  a drop  of  chloroform  or  camon  bisulphide, 
whiclrdissolves  out  the  bromine  and  becomes  coloured 
brown. 

HYDROGEN  BROMIDE. 


sY 


Formula , HBr;  molecular  weight,  81. 


Hyd  rogen  bromide,  like  .hydrogen  chloride,  is 
a colourless  gas,  fuming  when  brought  in  contact  with 
the  air,  and  very  soluble  in  water,  its  solution  forming 
the  commercial  hydrobromic  acid. 

Modes  of  preparation.  — Hydrogen  bromide 
cannot  be  prepared  by  the  action  of  strong  sulphuric 
acid  on  a bromide,  because  the  acid  decomposes 
the  hydrogen  bromide,  so  that  free  bromine  is 
liberated. 

pi  By  the  action  of  bromine  on  phosphorus  in  the 
presence  of  water. 


P + 5Br  + 4H30  = 5HBr  + H,PO.t 

Plios-  Bromine  Water.  Hydrogen  Phosphoric 

phorus 


bromide. 


acid. 


sliaki 


tHydrobr 
X together 


omic  acid  is  very  easily  prepared  by 
strong  solutions  of  potassium  bromide 
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and  tartaric  acid,  the  mixture  is  then  allowed  to  stand 
for  some  time  to  enable  the  precipitated  acid  tartrate 
of  potassium  to  subside,  and  the  clear  solution  of 
hydrogen  bromide  can  then  be  poured  off  from  the 
precipitate. 


KBr  + HgC4H406  = HBr  + 

Potassium  Tartaric  acid.  Hydrobromic 
bromide.  acid. 


khc4h4o6 

Potassium 
acid  tartrate. 


Hydrogen  bromide  is  obtained  by  distilling 
potaSSium  bromide  with  phosphoric  acid,  phosphate  of 
potassium  being  formed,  and  hydrobromic  acid  passing 
oveix,^ 

By  passing  sulphuretted  hydrogen  through 
bromine-water,  a solution  of  hydrogen  bromide  is 
formed  and  sulphur  precipitated. 


2Br3  + 2H2S  =:  4HBr  + S» 

Bromine.  Sulphuretted  Hydrobromic  Sulphur, 
hydrogen.  acid. 

(y)  Hydrogen  and  ‘ bromine  may  be  made  to 
unite  by  heat. 

H2  + Br2  = 2HBr 

Hydrogen.  Bromine.  Hydrogen 

bromide. 

Tests.— <(i}  On  the  addition  of  a few  drops  of 
chFuFliic-water  to  a solution  of  hydrobromic  acid  or  a 
bi  omide,  bromine  is  liberated,  a yellowish-red  colour 
being  communicated  to  the  solution  ; on  shaking  with 
a drop  of  chloroform  or  carbon  disulphide  the  bromine 
is  dissolved  and  colours  the  drop  brown. 

(ii)  On  the  addition  of  nitrate  of  silver  to  a 
solution  of  hydrobromic  acid  or  a bromide,  a whitish 
precipitate  is  formed,  insoluble  in  nitric  acid,  and 
but  sparingly  soluble  in  ammonia. 

K 
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OXY ACIDS  OF  BROMINE. 
There  are  two  of  these  acids,  viz.  : 

HBrO  Hypobromous  acid. 
HBr03  Bromic  ,, 


HYPOBROMOUS  ACID. 

Formula,  HBrO. 

Prepared  by  shaking  bromine-water  with  the 


yellow  precipitated  mercuric  oxide. 


2HgO  + 2Br2  + H20  = Hg2OBr2  + 2HBrO 

Mercuric  Bromine.  Water.  Mercuric  Hypobromous 

oxide.  oxybromide.  acid 


Sodium  hypobromite  (NaBrO),  formed  by  shaking 
romine  with  cold  solution  of  sodium  hydrate,  is  em- 
ployed in  the  estimation  of  urea  in  urine.  It  decom- 
poses the  urea,  .oxidising  the  carbon  and  hydrogen 
to  carbon  dioxide  ancT  water,  and  setting  free  the 
nitrogen,  thus  : 


CO(NH2)2  + 3 NaBrO  = 3NaBr  + C02  + 

Urea.  Sodium  Sodium  Carbon 

hypobromite.  bromide.  dioxide. 


2H00 

Water. 


Nitrogen. 


The  nitrogen  can  then  be  collected  and  measured 
(the  process  is  described  fully  in  Organic  Chemistry, 
Chapter  III.).  " ‘ , 

IODINE.  H*s 

Symbol,  I;  molecule,  I2 ; monad;  atomic  weight,  127 4 
molecular  iveiyht,  254;  melts  at  107°  ; boils  at  175°. 

Iodine  does  not  occur  in  nature  in  the  free  state. 
The  iodides  of  sodium  and  magnesium  are  present  in 
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small  quantities  in  certain  mineral  spring  waters,  and 
in  still  smaller  quantities  in  sea- water.  Large  quanti- 
ties of  iodine  are  now  obtained  from  the  deposits  of 
“ nitrates  ” in  Chili,  where  it  occurs  as  sodium  iodate. 
The  amount  of  iodides  (mainly  sodium  iodide)  present 
in  sea- water  is  so  minute  as  to  make  it  impracticable 
to  extract  the  iodine  from  sea-water,  but  sea-weeds 
possess  the  property  of  absorbing  the  ioofides  into 
'JtfeiT  tissues  in  considerable  quantities,  and  it  is  from 
sea-weeds  that  iodine  is  extracted.  The  sea-weeds 
(Scottish  and  Irish  sea-weeds  being  especially  rich  in 
iodine)  are  collected,  dried,  and  burnt,  when  an  ash 
named  kelp  is  obtained,  and  it  is  from  this  kelp  that 
iodine  is  prepared.  The  bulk  of  the  kelp,  or  sea-weed 
ash,  consists  of  sodium  carbonate,  together  with 
sodium  chloride,  sodium  sulphate  and  sodium  sul- 
phide, and  small  quantities  of  sodium  and  magnesium 
iodides. 

Mode  of  preparation  of  iodine  from  kelp.  4 

-£(i)  rne  kelp  is  treated  with  boiling  waten  and  t,h~ 
solution  poured  off  from  insoluble  matter to  the  | 
i^^^|j2Jli^j^^^^i^_j[^^'dded^^vhen  carbon  ^ToxnT^™ 
and  sulphuretted  hydrogen  gases  are  evolved,  sulphur/ 
is  thrown  down,  and  after  standing  for  twenty-four 
hours  akrge  quantity  of  sodium  sulphate  crystallises 
out  ;^mjithe  mother  liquor  from  the  sodium  sulphate 
crystats^is  then  poured  off,  and  contains  in  solution 
tbe  iodides  with  some  sodium  chloride  and  free  sub 
pnuric  acicf;  to  it  manganese  dioxide  is  added  a.rrl  v 
f he  mixture  distilletTat  a temperature  not  exceeding  ‘ 
si,‘t  _at  which  temperature  the  manganese  dioxirta 
sulphuric  acicl  liberate  the  iodine,  but  not,  IIia 
chlorine,  or  only  in  very  small  quantities. 

The  iodine  passes  over  in  the  form  of  a violet- 
coloured  vapour,  which  is  made  to  pass  through  a 
series  of  cooled  glass  condensers,  on  the  sides  of 
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2NaI  + Mn03  + 2H2SO,j 

Sodium  Manganese  Sulphuric 

iodide.  dioxide.  acid. 


]STa2S04  + 

Sodium 

sulphate. 


MnSo4  4-  2H20  + I2 

Manganese  Water.  Iodine, 

sulphate. 


which  it  condenses  as  a dark- col  on  red  solid.  The 
Iodine  so  .prepared  generally  contains  a small  quantity 
of  chlorine  in  the  form  of  a chloride  of  iodine,  from 
which  it  can  be  purified  by  resubliming  it  from  some 
potassium  iodide. 

IC1  + KI  = KC1  + I, 

Iodine  Potassium  Potassium  Iodine, 

chloride.  iodide.  chloride. 


Preparation  from  Chili  saltpetre, — After 

the  bulk  of  the  sodium  nitrate  has  crystallised  out, 
the  mother  liquor  contains  about  22  per  cent,  of 
sodium  iodate ; it  is  treated  with  a mixture  of  sodium 
sulphite  and  bisulphite,  when  the  iodine  is  precipitated 
as  a black  deposit,  which  is  ladled  out,  squeezed, ^and 
sublimed.  ; ’ 

w •*  * 

2NaI03  + 3Na2S03  + 2HNaSO,  = 

Sodium  Sodium  Sodium 

iodate.  sulphite.  bisulphite. 

5Na2S04  + I3  + H20 

Sodium  Iodine.  Water, 

sulphate. 

Properties* — Iodine  is  a solid  crystal  1 ine  sub- 
stance, possessing  a dark  grey  colouf*  '"Sf fnetal lie 
lustre,  and  a peculiar  odour  somewhat  resembling 
that  of  diluted  chlorine.  When  heated  it  volatilises, 
producing  a violet-coloured  vapour  (hence  its  name, 
from  violet-coloured ),  which  is  very  irritating 

to  the  mucous  membrane  of  the  eyes  and  nose.  Iodine 
possesses  a strong  unpleasant  taste,  it  stains  the  skin 
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yellow,  and  is  poisonous.  It  is  slightly  soluble  in 
wider,  to  which  it  imparts  a yellowish- brown  colour; 
itr" is™ much  more  soluble  in  a solution  of  iodide  of 
potassium,  in  alcohol,  ether,  chloroform,  and  bisulphide 
of  carbon. 

— (i)"'A  solution  of  free  iodine  gives  with 
a ™}UhcCK  1 " 11  ^an;h  a d 0 e p bln e^coTour. 

(\11yLf  with  an  aqueous”  solution  of  Iodine  some 
chloroform  or  bisulphide  of  carbon  be  well  agitated, 
and  the  mixture  allowed  to  stand,  the  chloroform  or 
bisulphide  of  carbon  will  settle  to  the  bottom  of  the 
tube,  carrying  the  iodine  in  solution,  a pink  or  purple 
colour  being  imparted  to  the  chloroform  or  bisulphide 
of  carbon  by  the  dissolved  iodine. 

I 

HYDROGEN  IODIDE. 

Formula , HI ; molecular  weight , 128. 

Hydrogen  iodide,  like  hydrogen  chloride  and  hydro-  i 
gen  bromide,  is  a colourless  gas,  fuming  when  brought/ 
in  contact  with  the  air,  and  very  soluble  in  water  1 
its  solution  forming  the  ordinary  hydriodic  acid. 

Hydrogen  iodide  can  be  prepared  by  union  of  itff 
elements,  but  only  with  great  difficulty.  By  dis- 
tilling potassium  iodide  with  strong  sulphuric  acid, 
hydrogen  iodide  is  formed,  but  is  immediately  de- 
composed by  the  acid,  iodine  being  set  free. 

JHodcs  of  preparation— These  are  exactly 
analogous  to  the  methods  used  to  prepare  hydrogen 
bromide. 

The  equations  011  p.  144  give  the  reactions,  if 
iodine  be  substituted  for  bromine. 

Properties. — Both  chlorine  and  bromine  have 
stronger  affinities  for  hydrogen  and  for  the  metals 
than  iodine,  therefore  both  chlorine  and  bromine  pos- 
sess the  property  of  liberating  iodine  from  hydriodic 
acid  or  from  an  iodide,  thus  : 
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2HI 

+ 

Clg 

= 2HC1 

+ 

I8 

Hydriodic 

acid. 

Chlorine. 

Hydrochloric 

acid. 

Iodine. 

2HI 

+ 

Br3 

= 2HBr 

+ 

I3 

Hydriodic 

acid. 

Bromine. 

Hydrobromic 

acid. 

Iodine 

Hydriodic  acid  on  exposure  to  light  becomes 
coloured  from  liberation  of  iodine. 

Tests.— £i)'.  On  the  addition  of  a few  drops  of 
chlorine-water  to  a solution  of  hydriodic  acid  or  of 
an  iodide,  a yellowish-brown  colour  is  produced,  due 
to  the  liberation  of  iodine ; if  some  solution  of  starch 
be  added  to  this,  a deep  blue  colour  will  be  produced. 

(ii)  On  the  addition  of  nitrate  of  silver  to  a 
solution  of  hydriodic  acid  or  of  an  iodide,  a yellowish 
precipitate  is  formed,  insoluble  in  nitric  acid,  and 
almost  insoluble  in  ammonia. 

IODIC  ACID. 

Formula , HIOs. 

Iodic  acid  is  a white  crystalline  substance,  and  is 
prepared  (i)  by  the  action  of  strong  nitric  acid  on 
iodine,  (ii)  by  passing  chlorine  into  iodine-water. 

I3  + 6H20  + 5C12  = 2HIO,  + 10HC1  ' 

Iodine.  Water.  Chlorine.  Iodic  acid.  Hydrochloric 

acid. 

CHLORIDES  OF  IODINE. 

There  are  two  compounds  of  iodine  and  chlorine, 
viz.  IC1,  a liquid,  and  1CL,  a solid.  They  are  both 
obtained  by  direct  union  of  the  elements. 

IODIDE  OF  NITROGEN. 

This  is  obtained  by  mixing  a strong  alcoholic 
solution  of  iodine  (such  as  tincture  of  iodine)  with  an 
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aqueous  solution  of  ammonia ; various  formulae  have 
been  assigned  to  this  substance,  NI3,  NH3I3,  etc. ; the 
latest  is  N3H3I3. 

Properties. — Iodide  .of  nitrogen  is  a dark- 
coloured  powder,  which  when  dried  explodes  violently 
with  the  slightest  touch,  decomposing  into  its  elements. 
The  importance  to  medical  men  of  bearing  in  mind 
its  existence  lies  in  the  fact  that  free  iodine  and 
ammonia  are  incompatibles,  and  should  not  therefore 
be  prescribed  together  in  a liniment. 

FLUORINE. 

Symbol , F ; molecule,  F3;  monad ; atomic  weight,  19  * | 
molecular  weight,  38.  - 

Fluorine  occurs  in  nature  as  jluor-spa.r  nr  calcium 
fluoride  (CaF3),  and  as  cryolite,  a double  fluoride  of 
aluminium  and  sodium  (A1F3,  3NaF)  found  in  Green- 
land. The  fluorides  of  calcium  and  sodium  are  also 
present  in  minute  quantities  in  the  blood,  bones,  and 
teeth  of  human  beings  and  animals. 

Fluorine  was  first  satisfactorily  isolated  by  Moissan 
in  1886.  This  chemist  obtained  it  by  the  electrolysis 
of  a solution  of  potassium  fluoride  in  hydrofluoric  acid, 
using  a platinum  U-tube,  and  keeping  the  solution 
at  a temperature  of  — 23°.  It  is  a pale  yellowish- 
green  gas,  liquefied  by  Dewar  and  Moissan  at  a tern 
perature  of  —187°.  It  combines,  usually  with  great 
violence,  with  all  elements  except  oxygen,  nitrogen,  and 
chlorine. 

HYDROGEN  FLUORIDE. 

Formula,  HF. 

Like  the  corresponding  compounds  with  chlorine, 
bromine,  and  iodine,  hydrogen  fluoride  is  a colourless 
gas,  fuming  on  contact  with  the  air,  and  very  soluble 
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in  water,  its  solution  constituting  the  commercial 
hydrofluoric  or  fluoric  acid. 

Mode  of  preparation. — Hydrogen  fluoride  is 
obtained  by  the  action  of  strong  sulphuric  acid  on 
powdered  fluor-spar,  thus  : 

CaF2  + H2S04  = 2HF  + CaS04 

Calcium  Sulphuric  Hydrogen  Calcium 

fluoride,  acid.  fluoride.  sulphate. 

It  has  to  be  prepared  in  leaden  or  platinum 
vessels,  as  it  readily  attacks  glass ; on  conducting  the 
gas  into  water,  the  commercial  solution  of  hydrofluoric 
acid  is  obtained. 

Properties. — The  most  important  property  of 
this  acid  is  its  power  of  etching  glass,  which  is  due  to 
its  attacking  the  silica  of  glass,  forming  with  it  a 
gaseous  silicon  fluoride,  thus  : 

SiO,  + 4HF  = SiF4  + 2H30. 

Silica.  Hydrofluoric  Silicon  Water, 

acid.  fluoride. 

If  a design  is  to  be  etched  on  glass,  the  surface  of 
the  glass  is  first  covered  with  wax,  the  design  is 
then  scratched  through  the  wax,  and  the  surface 
exposed  for  a few  minutes  to  the  fumes  of  hydro- 
fluoric acid  (evolved  from  fluor-spar  and  sulphuric 
acid),  or  the  solution  of  hydrofluoric  acid  is  poured 
over  the  surface;  on  washing  the  surface  with  a 
stream  of  water,  and  then  scraping  or  melting  off  the 
wax,  the  design  will  be  found  to  be  etched  on  the 
glass.  On  account  of  its  power  of  attacking  glass, 
the  solution  of  hydrofluoric  acid  is  kept  in  bottles 
made  of  gutta-percha,  provided  with  a stopper  of  the 
same  material. 

Test. — The  test  for  hydrofluoric  acid  is  to  expose 
to  it  a piece  of  waxed  glass,  on  which  some  simple 
design  has  been  scratched,  when  the  design  will  in  a 
short  time  be  etched  on  the  glass. 
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CHAPTER  IX. 

CARBON — SILICON — BORON. 

Carbon  Alio  tropic  forms  of  Carbon— Properties  of  Carbon— Car- 
bon Monoxide — Preparation  and  Properties  of  Carbon  Mon- 
oxide-Carbon Dioxide— Preparation  and  Properties  of  Carbon 
DioxKle-Carbon  Oxychloride -Carbon  Bisulphide— Silicon, 
Silica,  Silicates,  Glass,  Porcelain,  and  Earthenware — Boron  — 
Boric  Acid — Metaboric  Acid — Borax. 

CARBON. 

Symbol,  C ; tetrad;  atomic  weight  12. 

Carbon  occurs  in  nature  in  the  free  state  in  the 
cTTffmond,  graphite;  plumbago,  coal,  etc.  In  the  com- 
tJfTIetl  state  it  enters  into  the  composition  of  an 
immense  number  of  bodies,  for  the  number  of  carbon 
compounds  (both  natural  and  artificial)  far  exceeds 
those  of  any  other  element ; it  occurs  in  all  organic 
substances,  whether  of  animal  or  vegetable  origin,  and 
in  all  carbonates,  such  as  marble,  limestone,  chalk, 
magnesite,  etc. 

Carbon  exists  in  three  allotropic  forms,  of  which 
two  are  crystalline,  viz.  diamond  and  graphite,  and 
one  amorphous,  viz.  charcoal  in  its  different  forms. 
I he  term  allotropic  (from  a\\og,  another ; rpo-rrog, 
condition)  is  applied  to  elements  that  are  similar  in 
composition,  but  differ  in  their  properties. 

rI  lie  allotropic  tonus  of  carbon. f (1)^ 

Diamond^  This  is  the  rarest  form  of  free  carRmf 
affcl  occurs  m nature  m octahedral  crystals  belonging 
to  the  regular  system;  it  consists  of  nearly  pure 
carbon,  but  when  a diamond  is  burnt  in  oxygen,  a 
minute  amount  of  ash  is  left,  consisting  of  silica, 
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alumina,  and  sometimes  oxide  of  iron.  It  is  the 
hardest  body  known,  and  is  employed  for  cutting  glass  ; 
the  property  of  cutting  glass  depends  on  the  curved 
edge  which  many  diamond  crystals  possess.  Its  lustre 
is  due  to  its  high  power  of  refracting  light.  Moissan 
has  prepared  microscopic  crystals  of  diamond  by  dis- 
solving carbon  in  melted  iron  and  cooling  the  whole 
suddenly.  The  iron  is  dissolved  by  acids,  and  in  the 
residue  some  minute,  diamond  crystals  are  found. 

w Graphite , plumbago , or  blacklead.  — This  is 
the  secoScl  crystalline  form  of  carbon,  and  crystallises 
in  six-sided  plates.  It  is  a dark-grey  crystalline  sub- 
stance, soft  and  greasy  to  the  touch,  and  when  drawn 
across  paper  leaves  a mark.  It  is  employed  in  black- 
lead.  pencils,  in  plumbago  crucibles  (made  of  plumbago 
mixed  with  clay),  for*  blacking  iron  grates,  and  as  a 


Amorphous  carbon. — This  occurs  in  various 


dry  lubricant  for  machinery. 

m 4 ~~~ 

forms.  m 

(a)  Wood  charcoal  is  prepared  by  heating  or 
charring  wood  out  of  contact  with  air.  This  form  of 
amorphous  carbon  is  used  in  the  manufacture  of 
gunpowder.  It  is  extremely  porous,  possessing  the 
power  of  absorbing  gases,  and  Pence  is  used  as  a 
deodoriser. 

.Animal  charcoal  is  obtained  by  heating  bones 
out  of  contact  with  air.  This,  form  of  amorphous 
carbon  is  sold  commercially  under  the  names  of  bon^, 
black,  animal-black , and  ivory -black ; it  contains  the 
inorganic  constituents  of  the' bones,  viz.  phosphate 
and  carbonate  of  lime,  from  which,  however,  it  may 
be  freed  by  digesting  with  hydrochloric  acid,  which 
dissolves  these  lime  salts,  so  that  on  filtering,  and 
washing  the  charcoal  with  water,  it  is  obtained  pure. 
Animal  charcoal  possesses  in  a very  high  degree  the 
power  of  absorbing  colouring  matters,  and  hence  is 
very  useful  as  a decolorising  agent.  In  the  prepara- 
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tion  of  several  of  the  alkaloids,  the  colouring  matter 
is  removed  by  boiling  the  alkaloidal  solution  with 
animal  charcoal.  In  the  manufacture  of  sugar,  the 
crude  brown  syrup  is  filtered  hot  through  animal  char- 
coal to  decolorise  it. 

(c\  Amorphous  carbon  is  the  chief  constituent  of 
coals  Coal  has  been  produced  by  the  slow  decay  of 
vegetable  matter  out  of  contact  with  air,  possibly 
combined  with  elevation  of  temperature  and  con- 
siderable pressure. 

\d)  Peat,  another  form  of  fuel,  but  inferior  to  coal, 
contains  a quantity  of  amorphous  carbon  ; it  is  pro- 
duced in  marshy  localities  by  the  gradual  decay  of 
grasges.  mosses,  etc. 

leb  Tinder  is  a variety  of  amorphous  carbon. 

(/ ) Soot  and  lampblack  are  two  varieties  of  amor- 
phous carbon  m a fiiig'Ktate  of  division. 

Properties  of  carbon.— In  all  three  , of  its 
forms  carbon  is  infusible  at  all  temperatures,  but  it  t 
volatilises  at  the  high  temperature  of  the  electric  arc. 

It  is  insoluble  in  all  ordinary  solvents^  put  moltenv  ^ 
iron  a"E  the  temperature* of  the  blast-furnace  dissolves 


from  4 to  5 per  cent,  of  carbon ; as  the  iron  cools  part 
of  the  carbon  crystallises  out  as  small  crystals  of 
graphite,  and  part  remains  in  union  with  the  iron  as 
carbide  of  iron  (Metals,  Chapter  VII.,  Cast  Iron). 
Carbonm^^n  heated  to  redness  has  a powerful  affinity 
jpi"  oxygen)  either  in  the  free  state  as  in  air,  or  in  the 
Combined  state ; it  is  therefore  largely  employed  as  a 
reducing  agent  for  depriving  many  of  the  metallic  / 
Sxittes  of  their  oxygen,  and  so  reducing  them  to  the  ( 
ntetallic  state.  If  carbon  be  burnt  in  a free  supply  1 
of  air  it  produces  carbon  dioxide  (C02),  but  if  burnt  ‘ 
in  a limited  supply  of  air  it  produces*  mainly  carbon 
monoxide  (CO). 

Carbon  produces  with  hydrogen  a large  number  of 
compounds  known  as  hydrocarbons,  some  of  which 
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will  be  described  later  ; one  such  compound  is  obtained 
by  direct  union  of  carbon  and  hydrogen,  viz.  acetylene 
(C3H2),  at  the  extremely  high  temperature  or  the 
electric  arc ; if  the  electric  arc  is  produced  between 
carbon  poles  in  an  atmosphere  of  hydrogen,  then  the 
two  elements  unite  to  form  acetylene,  thus  : 


2C  + H3  = CoH, 

Carbon.  Hydrogen.  Acetylene. 


Test. — Any  form  of  carbon  (including  the  dia- 
mond) when  burnt  in  oxygen  produces  carbon  dioxide, 
which  can  be  recognised  by  its  turning  lime  water 
turbid.  ^ . 

CARBON  MONOXIDE.  k . 

A CC 

Formula,  CO  ; molecular  iveiylit,  28 ; ^ 

liquefies  — 190°. 

,.J  " A*W)Anown  as  carbonic  oxide. 

^^Slodes  of  preparation.—^  By  passing  car 
bon  dioxide  through  a tube  containing  pieces  of  red 
hot  charcoal.  . 

C03  + C = 2CO 

Cai'bon  Carbon.  Carbon. 

dioxide.  monoxide. 


^hc  blue  il antes  seen  at  the  top  of  a well-drawing 
clear  tire  consist  of  burning  carbon  monoxide,  which 
']  1 as  been  produced  by  the  carbon  dioxide,  formed  at 
Tluflowfr  part  of  the  fire,  having  to  pass  over  the  red- 
)fats  upward  way  to  the  chimney. 

ion  monoxide  is  very  easily  prepared  by 


potassium  ferrocyanide  with  strong  sulphuric 


K,Fe(CN)6 

Potassium 
f rrocyanide. 


6H3S04 

Sulphuric 

acid. 


.+  6H0O 

Water. 


2K,SO,  4 

Potassium 

sulphate. 


FeS04 

Ferrous 

sulphate. 


4 


3(NHj)2S04 

Ammonium 

sulphate. 


4 


GCO 

Carbon 

monoxide. 


(fiii) 

heating 


Carbon 

formic 


monoxide  is  also  readily  prepa 
acid  (HCHOo)  or  sodium  fo: 
(NaCHOo)  with  strong  sulphuric  acid.  The  action  of 
the  sulphuric  acid  is  simply  to  abstract  water  from 
the  formic  acid,  when  carbon  monoxide  is  evolved, 
thus  : 


+ 


HX> 

Water. 

(KA  U<./  lW*f 

acid  (ECCoOJ  be  heate 


CO 

Carbon  ^ >• 

momJtidefoi  r7^* 


! 


- ICa.AJ 

with  strong; 


sulphuric  acid,  it  decomposes  into  water  and  the  two 


oxides  of  carbon,  thus  : 
H2C204  = H,0 


% 


Vn 


+ 


^^^lOxaiic  acid. 

•oC  "J 


Water. 


co 

Carbon 


+ COo 


Uy 


Tv* 


Ah.  monoxide.  _ 

^ A ft*. 


Carbon 

dioxide. 


4 j t 


By  passing  the  two  gases  through  a strong  solution 
of  caustic  potash,  the  carbon  dioxide  is  absorbed^ 
(forming  potassium  carbonate),  and  the  carbon  mon- 
oxide can  then  be  collected  in  the  pure  state. 

eWlien  charcoal  or  carbonaceous  substancesc^*^ 
mt  with  an  insufficient  supply  of  air,  carbon 
monoxide  is  formed. 

Properties. — The  specific  gravity  of  carbon  mon- 
oxide is  14,  and  it  is  slightly  lighter  than  air  ; it  is  a 
colourless,  almost  odourless,  and  tasteless  gas ; it  is  com- 
bustible, burning  with  a pale  blue  flame,  and  forming 
carbon  dioxide  ; it  is  a non-supporter  of  combustion  ; 
it  is  insoluble  in  water,  and  therefore  maybe  collected 
over  it.  It  is  a poisonous  gas,  as  it  possesses  the 
property  of  displacing  the  oxygen  from  its  union  with 
the  haemoglobin  of  the  blood,  forming  a compound 
with  the  haemoglobin  which  acts  as  a narcotic  poison  ; 
inhaling  the  fumes  of  burning  chareoa1,  placed  in  the 

X L A . / ^ Tumi 
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, [cehtAr  of  a closed  and  non- ventilated  room  (a  not 
‘ * 5 uncommon  method  of  committing  suicide  in  France), 
Icauses  death  from  carbonic  oxide  poisoning.  An 
atmosphere  containing  0-2  per  cent,  renders  a man 
helpless  and  unconscious  in  about  half  an  hour.  A 
mouse,  owing  to  its  small  size,  succumbs  in  one- 
twentieth  of  the  time.  Carbon  monoxide  in  contact 
with  caustic  potash  at  a high  temperature  produces 
potassium  formate,  thus : 


KHO 

Caustic 

potash. 


+ CO 

Carbon 

monoxide. 


kcho2 

Potassium 

formate. 


* **  4 

Carbon  monoxide  when  passed  over  finely  divided 
nickel1  or  iron  gently  heated,  combines  with  these 
metals  to  form  vapours  which  condense  to  liquids ; 
nickel  carbonyl,  which  is  colourless,  has  the  formula 
Ni(CO)4.  If  the;  vapour  of  nickel  carbonyl  be  passed 
through  a glass  tube  heated  to  200°  it  is  decomposed, 
and  the  nickel  is  deposited  on  the  glass  as  a bright 
mirror-like  coating. 

Test. — Carbon  monoxide  gives  no  precipitate  with 
lime-water,  but  on  applying  a light  it  burns  with  a 
pale  blue  flame,  and  the  resulting  gas  (carbon  dioxide) 
^ then  produces  a precipitate  with  linje- watery 
u °^vv  b*-AA.  4 ecV  * wrt*  ^ 

CARBON  DIOXIDE  x ~ / 

yK 

Formula , C02 ; molecular  weight , 44; 
liquefies  — 78°. 


Also  known  as  carbonic  anhydride , carbonic  acid 
gas , and  choke-damj).  It  is  always  formed  when 
carbon  in  any  form,  or  any  compound  of  carbon,  is 
burnt  with  a free  supply  of  air.  It  is  one  of  the  gases 
evolved  from  volcanoes,  and  in  certain  instances  from 
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Cane 


fissures  in  the  earth,  as  in  the  Grotto  del 
Naples,  and  in  the  poison  valley  of  Java. 

-Iffodes  of  preparation. — (i)  It  is 

prepared  by  the  action  of  hydrochloric  acid  bn  calcium 
carbonate  m the  lbrtn  of  marble  or  chalk. 


1 ej& 


easi 


CaC03  + 2HC1  = CaCl2  + C02  + H20 

Calcium  Hydrochloric  Calcium  Carbon  Water, 

carbonate.  acid.  chloride.  dioxide. 


Fig.  IS.— Preparation  and  collection  of  Carbon  Dioxide. 


It  may  be  collected  in  the  pneumatic  trough  over 
water,  or,  since  it  is  heavier  than  air,  it  can  be 
collected  by  downward  displacement  of  air  (Fig.  18). 

Sulphuric  acid  maybe  substituted  for  hydrochloric 
acid,  but  in  this  case  the  insoluble  calcium  sulphate 
forms  a coating  over  the  marble  or  chalk,  and  is  apt 
to  stop  the  evolution  of  the  gas.  - . •' 


CaC03  + 


Calcium 

carbonate. 


H,S04  =/ 


CaSO, 


Sulphuric 

acid. 


Calciun 

sulphate 


co2 

Carbou 

dioxide. 


+ 


h3o  . 

Watm-. 


(fn)]  Carbon  dioxide  is  evolved  by  heatimi*  chalk 
or  irmestone,  as  in  the  preparation  of  lime^in  the 
limekilns. 

+ 


CaC03  = 


Calcium 

arbonate. 


CaO 

Lime. 


co2 

Carbon 

dioxide. 
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bon  ate. 

2NaHC03  = Na,COs  + C02  + H20 

Sodium  Sodium  Carbon  Water, 

bicarbonate.  carbonate.  dioxide. 

(rvj  By  burning  carbon  monoxide  in  oxygen  or 
in  tuff  carbon  dioxide  is  produced. 

2CO  + 03  = 2COo 

Carbon  Oxygen.  Carbon 

monoxide.  dioxide. 

Properties. — The  specific  gravity  of  carbon 
dioxide  is  22,  and  it  is  heavier  than  air  ; it  is  a colour- 
less gas, "possessing  a peculiar  faint  pungent_pdQar  S* 
quantity,  and  a faint  acid  taste  ; it  is  not  combustible, 
neither  is  it  a supporter  ofTomlmstion,  a lighted  taper 
being  immediately  extinguished  when  lowered  into 
the  gas.  It  can  be  liquefied  by  a pressure  of  38 -5 
atmospheres  at  0°,  and  if  the  liquid  is  allowed  to 
escape  into  the  air,  the  portion  that  evaporates  so 
lowers  the  temperature  of  the  remaining  portion  that  it 
solidifies.  It  is  slightly  soluble  in  watei,  as  at  oi chn- 
ary  temperatures  water  dissolves  its  own  volume  of 
the  gas  ; under  a pressure  of  two  atmospheres  water 
will  dissolve  twice  its  volume  of  the  gas,  under  a pressure 
of  three  atmospheres  three  times  its  volume,  under  a 
pressure  of  four  atmospheres  four  times  its  volume, 
and  so  on.  So  that  if  a pint  bottle  of  soda-water  that 
has  been  charged  under  a pressure  of  four  atmo- 
spheres be  opened,  three  pints  of  the  gas  will  escape 
with  effervescence,  one  pint  remaining  in  solution, 
since  there  is  still  the  ordinary  pressure  of  the  atmo- 
sphere upon  the  water.  The  solution  of  carbon  di- 
oxide in  water  faintly  reddens  blue  litmus  paper,  the 
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liquid  probably  containing  true  carbonic  acid  (H2C03), 
thus  : 


C02  + HaO 

Carbon  Water, 

dioxide. 


= H,CO, 


Carbonic] 
acid.  . 


It  is  for  this  reason  that  carbon  dioxide  is  also 
called  carbonic  anhydride  (the  anhydride  of  carbonic 
acid)  and  carbonic  acid  gas.  Carbon  dioxide  is  not  a 
pdisoh  if  swallo  wed  into  the  stomach,  as  in  the  form 
of  effervescent  waters  and  drinks  it  is  taken  in  con- 
siderable quantities,  but  ^if  inhaled  in  quantity  it 
produces  death  from  suffocation,  not  that  it  unites 
tvith  the  haemoglobin  of  the  blood,  but  because  it 
dilates  down  and  keeps  out  the  necessary’  5‘Xygeii  of 
the  air.  After  explosions  in  coal-mines,  it  is  the 
cjarbon  'dioxide,  mixed  with  some  carbon  monoxide 
(choke-damp),  produced  by  the  explosion  of  the  marsh 
gas  or  fire-damp  with  the  air,  that  causes  in  so  many 
cases  the  suffocation  of  the  miners.  Since  carbon 
dioxide  is  evolved,  as  previously  mentioned,  from 
limekilns,  it  is  not  an  uncommon  occurrence  for 
tramps  and  others  sleeping  close  to  a limekiln  for  the 
sake  of  the  warmth,  to  die  in  their  sleep,  suffocated, 
by  this  gas.  If  pure  carbon  dioxide  is  inhaled,  it 
produces'spasm  of  the  glottis  and  consequent  death 
from  asphyxia,  unless  the  inhalation  of  the  gas  is 
immediately  stopped.  Carbon  dioxide,  as  previously 
explained,  is  largely  used  in  the  so-called  aerated 
waters,  to  give  to  them  their  effervescent  character 
and  their  pleasant  sharp  taste. 

Carbon  dioxide,  if  passed  into  a solution  of  an 
alkali,  forms  first  a carbonate,  and  then  p.rmyp.rf,s  the 
carbonate  into  a bicarbonate.  Thus,  with  caustic 
Totash  it  first  forms  potassium  carbonate. 


2KHO  + C02 

Caustic  Carbon 

potash.  dioxide. 


k2co3  + 

Potassium 

carbonate. 


h20 

Water. 


L 


1 
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By  its  further  action  it  converts  the  carbonate 
into  the  bicarbonate. 


k2co3 

Potassium 

carbonate. 


+ C02  + H20 

Carbon  Water, 

dioxide. 


= 2KHC03 

Potassium 

bicarbonate. 


Carbon  dioxide  passed  into  lime-water  (solution  of 
calcium  hydrate)  first  renders  it  turbid  by  precipitating 
calcium  carbonate. 


Ca(HO)2  + C02 

Calcium  Carbon 

hydrate.  dioxide. 


CaCOo  + H20 

Calcium  Water, 

carbonate. 


By  its  further  action  it  converts  the  insoluble 
calcium  carbonate  into  the  soluble  bicarbonate,  and 
so  renders  the  liquid  clear  again. 


CaCOa  + 


3 

Calcium 

carbonate. 


co2 

Carbon 

dioxide. 


+ H20  = Ca(HC03)2 


Water. 


Calcium 
bicarbonate. 


Test. — Carbon  dioxide  turns  lime-water  turbid  or 
milEy'when  shaken  up  with  it. 


V. 


'L 


CABBON  OXYCHLORH)E. 


Formula , COCl2 


.fu* 1£: 


Also  known  as  carbonyl  chloride  and  vhosaene  gas 

^ rouucecl 

action  of  light). 


(so  named  on  account  of  its  being  produced  by  the 


This  body  may  be  regarded  either  as  carbon  mon- 
oxide united  with  chlorine,  or  as  carbon  cTioxide  from 
which  one  atom  of  oxygen  lias  been  displaced  by  two 
Atoms  of  chlorine. 

Mode  of  preparation. — It  is  produced  when 
( ' equal  volumes  of  carbon  monoxide  and  chlorine  are 
exposed  to  direct  sunlight,  thus  ; 


oo 


0 

• P 
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jrw' 


a, 

cj 


CO 

Carbon 

monoxide. 


+ Clo  = COClg 


J2 

Chlorine. 


Carbon 

oxychloride. 


When  the  two  gases  unite,  the  volume  of  the 


mixed  gases  diminishes  to  one-half. 


CO  + 


Cl2  = 


coca. 


1 volui 

f Vw 

the  acti 
Ul  Vlis  formed."  •)  7 


1 molecule  + 1 molecule-  = 1 molecule, 
olume  + 1 volume  = 1 volume. 


action  of  ammonia  on  this  substance  urea 


C0C12  + 

Carbon 

oxychloride. 


2NH3  = 


Ammonia. 


CO(NH2)2 

Urea. 


+ 2HC1 


Hydrogen 

chloride. 


CARBON  BISULPHIDE  OR  DISULP 


Formula , CS2. 


This  body  may  be  regarded  as  carbon  dioxide  in 
which  the  oxygen  has  been  displaced  by  sulphur,  and 
just  as  carbon  dioxide  is  produced  by  burning  carbon 
iTiTy^cygen,  so  carbon  bisulphide  is  produced  by  burn- 
ffigT6arbbn  lrTsulphur  vapour. 

**- Mode  of  preparation# — By  passing  the  vapour 
h»j  of  sulphur  over  red-hot  charcoal,  and  then  conveying 
JY  L Hie  vapour  of  the  bisulphide  of  carbon  through  a 
U '■'Spiral  tube  kept  cool  by  immersion  in  water,  by  which 
i/r\  mpans  the  bisulphide  of  carbon  condenses  to  a liquid. 
\\  v Properties. — Bisulphide  of  carbon  is  a colour 

< c less,  mobile,  very  volatile  liquid.  When  first  prepared 
it  possesses  a very  disagreeable  odour,  from  which  it 
can,  to  a great  extent,  be  purified  by  shaking  with 
mercury  and  corrosive  sublimate,  and  redistilling. 
IU’iS  heavier  than  water,  and  after  agitation  with 
water  it  sinks  to  the  bottom,  leaving  a very  small 


I 
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quantity  dissolved  in  the  water.  It  is  a very  inflam- 
mable liquid,  boils  at  46°,  and  the  vapour  takes  fire 
at  149°,  so  that  it  can  be  lighted  by  a tube  of  hot 
paraffin  wax.  It  forms  carbon  dioxide  and  sulphur 
dioxide  when  burn^T,B"""*","",""l’"" 


CS2  + 302  = C02  + 2S03 

Carbon  Oxygen.  Carbon  Sulphur 

bisulphide.  dioxide.  dioxide. 

Carbon  bisulphide  is  used  for  many  technical  pur- 
poses, as  it  is  an  excellent  solvent  of  many  bodies^ 
possessing  the  property  of  'dissolving'' sulphur^  phos- 
phorus, fats,  resins,  and  india-rubber. 

With  certain  of  the  metallic  sulphides  carbon 
disulphide  will  unite,  forming  sulphocarbonates,  which 
may  be  regarded  as  carbonates  in  which  the  oxygen 
lias  been  displaced  TDy  sulphur,  thus'  with  potassium* 
sill ph ide"it"'ft5mLs^orassmfi'i  suTphocarbonate. 

KgS  + CS2  = K2CS3 

Potassium  Carbon  Potassium 

sulphide.  disulphide.  sulpliocarbouate. 

SILICON. 

Symbol,  Si ; tetrad ; atomic  weight , 28. 

Silicon  is  widely  and  abundantly  distributed  in 
nature,  but  not  in  the  free  state.  Next  to  oxygen  it 
is  the  chief  constituent  of  the  earth’s  crust,  just  as 
the  closely  related  element  carbon  is  the  chief  con- 
stituent of  organic  bodies.  The  oxide  of  silicon  (silica) 
occurs  both  free  and  in  combination  with  bases  as  the 
various  natural  silicates. 

Preparation  of  silicon. — The  element  silicon 
may  be  obtained  by  heating  the  double  fluoride  of 
potassium  and  silicon  (2KF,  SiF,)  with  the  metal 
potassium,  which  abstracts  the  fluorine  from  its 
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combination  with  the  silicon,  setting  free  that  element. 
Prepared  in  this  way,  silicon  is  obtained  as  a dark 
brown  amorphous  powder.  It  may,  however,  be 
obtained  in  the  crystalline  condition  by  heating  for 
some  time  the  same  ingredients,  viz.  the  double 
fluoride  of  potassium  and  silicon,  and  the  metal 
potassium,  with  the  metal  zinc  ; on  cooling,  an  ingot 
of  zinc  is  obtained  with  crystals  of  silicon  embedded 
in  it  ; by  treating  this  with  hydrochloric  acid,  the 
zinc  is  dissolved,  leaving  very  hard  steel-grey  crystals  ; 
there  seems,  however,  to  be  some  doubt  as  to  this 
substance  being  pure  silicon.  Silicon  forms  an  in 
flammable  gas  with  hydrogen  (SiH4)  and  combines, 
when  heated  with  dry  hydrogen  chloride,  to  form 
SiHCl3.  These  two  substances  have  formula;  analogous 
to  marsh  gas  (CH4)  and  choloroform  (CHC13). 

SILICA. 

Formula , SiOg 

Also  known  as  oxide  of  silicon  and  silicic  anhy- 
dride. 

Silica  occurs  in  the  free  state  in  nature  as  rock 
crystal  (usually  in  six-sided  prisms),  quartz,  flint , 
sand , sandstone , agate , opal,  jasper,  and  amethyst. 
The  so-called  infusorial  earth,  or  the  inorganic 
remains  of  certain  infusoria,  consists  essentially  of 
amorphous  silica.  Silica  is  also  present  in  the  stems 
of  certain  grasses,  cereals,  and  rushes,  and  in  the 
feathers  of  many  birds.  Silica  is  insoluble  in  water 
and  in  all  acids  except  hydrofluoric. 

SILICIC  ACID. 

There  are  several  varieties  of  silicic  acid meta- 

sibcic  acid  (H2Si03),  orthosilicic  acid  (HJSiOA  para- 
silicic  acid  (H6Si05),  etc. 
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Natural  silicates. — Clay , or  aluminium  silicate 
( Al2Si207  + 2H20),  is  the  most  widely  distributed  of 
the  natural  silicates  ; the  colour  of  common  or  brown 
clay  is  due  to  iron  contained  in  it.  Clay  in  its  purest 
form  occurs  as  'kaolin  or  china-clay , and  is  produced 
from  a felspar,  a double  silicate  of  aluminium  and 
potassium,  by  the  action  of  the  carbon  dioxide  of  the 
air,  which  unites  with  the  potassium  to  form  potassium 
carbonate,  which  is  washed  away,  leaving  the  silicate 
of  aluminium  in  a white  state. 

Amongst  other  silicates  may  be  named  meer- 
schaum, French  chalk , asbestos , 'pumice,  etc. 

Pure  silica  can  be  obtained  from  sand  and  from 
most  silicates  by  fusing  with  three  to  four  times  its 
weight  of  sodium  carbonate  in  a platinum  dish  and 
extracting  the  fused  mass  with  water  ; on  adding 
hydrochloric  acid  to  the  clear  solution,  silicon  hydrate 
(Si(HO)4)  is  precipitated  in  gelatinous  flocks.  This 
is  filtered  off,  washed,  and  made  red  hot,  when  it  is 
left  as  pure  white  silica  (Si02). 

Glass — Glass  may  be  defined  as  an  amorphous 
mixture  of  various  silicates  nearly  insoluble  in  water. 
Glass  contains  (1)  silica,  (2)  soda  or  potash,  (3)  lime 
or  lead  oxide. 

Crown  glass , common  ivindow  glass,  bottle  glass, 
or  soda  glass  is  made  by  fusing  together  chalk 
(CaC03),  sodium  carbonate  (Na2C03),  and  sand  (Si02). 
It  consists  of  calcium  and  sodium  silicates ; the  green 
colour  of  common  bottle  glass  is  due  to  iron  derived 
from  the  sand,  and  existing  in  the  glass  as  ferrous 
silicate ; the  colour  can  be  removed  by  adding  to  the 
melted  glass  a small  quantity  of  manganese  dioxide, 
which  oxidises  the  green  ferrous  silicate  to  the  almost 
colourless  ferric  silicate. 

Hard  glass  or  potash  glass  contains  potassium  in 
the  place  of  sodium,  and  is  made  by  fusing  together 
chalk,  potassium  carbonate,  and  sand.  It  consists  of 
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calcium  and  potassium  silicates,  and  requires  a much 
higher  temperature  to  melt  it  than  soda  glass ; it  is 
therefore  useful  in  the  manufacture  of  hard  glass- 
tubing, and  of  chemical  apparatus  required  to  stand  a 
high  temperature. 

Flint  glass  or  crystal  glass  is  a potash  glass  con- 
taining lead  in  the  place  of  calcium,  and  is  made  by 
fusing  together  potassium  carbonate  (K3C03),  litharge 
or  lead  oxide  (PbO),  and  sand  (Si02).  It  consists  of 
potassium  and  lead  silicates,  and  is  distinguished  by 
its  lustre  and  refractive  power,  hence  it  is  valuable 
for  optical  purposes. 

Soluble  glass  is  either  sodium  or  potassium  sili- 
cate, generally  the  former.  The  sodium  silicate  is 
prepared  by  fusing  together  sodium  carbonate  and 
sand.  It  is  a thick,  syrupy  liquid,  miscible  with,  or 
soluble  in,  water  ; if  painted  over  a surface,  such  as  a 
wall,  it  is  decomposed  by  the  carbon  dioxide  of  the 
air,  a film  of  silica,  or  of  a silicate,  being  left  as  a hard 
protective  surface  on  the  wall. 

Coloured  glasses  are  made  by  the  addition  of 
different  metallic  oxides  to  glass  while  in  a molten 
condition.  Blue  glass  is  made  by  adding  oxide  of 
cobalt ; red  glass  by  adding  cuprous  oxide. 

Porcelain  and  earthenware. — Porcelain  and 
earthenware  articles  consist  of  clay  that  has  been 
moulded  into  the  required  shapes,  then  baked  hard, 
and  afterwards  covered  with  some  substance  that 
fuses  at  a high  temperature,  and  forms  a glaze,  thus 
preventing  the  passage  of  liquids  through  what  would 
otherwise  be  a porous  medium.  The  glaze  used  for 
the  finer  kinds  of  porcelain  is  generally  produced  by 
dipping  the  unglazed  article  into  water  containing 
powdered  felspar  suspended  in  it;  on  draining  the 
article  the  water  sinks  into  the  porous  substance, 
leaving  a film  of  felspar  over  its  surface,  and  on 
strongly  heating  the  article  in  a furnace  this  film  of 
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felspar  melts  and  forms  the  glaze.  Common  earthen- 
ware, which  is  of  a reddish-brown  colour,  is  frequently- 
glazed  with  litharge  (oxide  of  lead),  which  forms  an 
easily  fusible  lead  silicate  on  the  application  of  heat, 
this  lead  silicate  constituting  the  glaze ; if  acid 
articles  of  food,  such  as  vinegar,  lemon-juice,  lime- 
juice,  etc.,  be  kept  in  such  vessels,  the  lead  may  be 
dissolved  by  the  acid,  and  so  the  glaze  may  become  a 
source  of  lead  poisoning.  Another  very  perfect  glaze 
is  salt  glaze;  common  salt  (sodium  chloride)  is  thrown 
into  the  furnace  containing  the  strongly-heated 
articles,  the  sodium  chloride  volatilises  and  is  decom- 
posed by  the  intense  heat  and  the  water  vapour  in 
the  furnace.  The  sodium  oxide  formed  condenses  on 
the  surface  and  forms  a fusible  silicate  with  the  clay. 

2NaCl  + H20  = Na20  + 2HC1 

Salt.  Water.  Sodium  Hydrogen 

oxide.  chloride. 

BORON. 

Symbol,  B;  triad  ; atomic  weight,  11. 

Boron  does  not  occur  in  nature  in  the  free  state, 
but  is  found  as  free  boric  acid,  and  also  in  the  form 
of  various  natural  bUl,illilir"'’Tn  some  respects  its  com- 
pounds resemble  thosfe  of  the  metal  aluminium. 

Preparation  of  boron. — Amorphous  boron  is 
obtained,  as  a brown  powder,  by  heating  boron  trioxide 
(B203).with  sodium.  Crystalline  boron  is  prepared  by 
melting  the  amorphous  variety  in  aluminium,  and  when 
cold  dissolving  away  the  aluminium ; it  has  been 
proved  to  be  a compound  of  aluminium  and  boron. 
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i 


BN 

Boron 

nitride. 


+ 3H20 


Water. 


Boracie 

acid. 


NHo 


Ammonia. 


X 


Boracic  acid  is  found  in  the  jets  of  steam  known 
as  soffioni  issuing  from  fissures  in  the  earth  in  the 
volcanic-  districts  of  Tuscany;  these  jets  of  steam 
condense  and  form  small  lagoons,  by  the  concen- 
tration of  the  water  of  which  boracic  acid  is  ob- 
tained. Since  this  volcanic  boracic  acid  is  always 
accompanied  by  salts  of  ammonia,  it  is  possible  that 
it  is  produced  deep  down  in  the  earth  by  the  contact 
of  boron  nitride  with  steam,  as  these  two  bodies  are 
* 'TJIIUWU  tu  decompose  one  another  as  follows  : — 


Boracic  acid  may  also  be  prepared  by  mixing 
together  a concentrated  hot  solution  of  borax  with 
£trtphuric  or  hydrochloric  acids  ; on  cooling,  the  boracic 
acid  crystallises  out. 

Na3B407  + 2HC1  + 5H20  = 

Borax.  Hydrochloric  Water, 

acid. 

4H3B03  + 2NaCl 

Boric  acid.  Sodium 

chloride. 

Properties.— Boracic  acid  is  a white  solid 
crystallising  in  small  soapy-feeling  crystals,  very 
soluble  in  hot,  and  moderately  soluble  in  cold  water. 
It  possesses  antiseptic  properties,  and  is  used  as  an 
antiseptic  dressing  and  as  a preservative. 

On  gently  heating  boracic  acid,  each  molecule  of 
the  acid  loses  a molecule  of  water,  and  metaboric  acid 
is  formed. 
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H3BO3  = hbo2  + h2o 

Boracic  Metaboracic  Water, 

acid.  acid. 


If  further  heat  he  applied,  pyroboric  acid  (H2B407) 
is  produced,  and  finally  all  the  water  is  driven  off 
and  boracic  anhydride  or  boron  trioxide  (B203)  is 
left,  thus : 

2HB02  = Ba08  + H20 

Metaboracic  Boracic  Water, 

acid.  anhydride. 

i 

Tests. — (i)  If  boracic  acid  be  mixed  with  some 
alcohol,  and  a light  applied  to  the  mixture,  the  boracic 
acid  communicates  a green  colour  to  the  flame  of  the 
burning  alcohol. 

(ii)  If  yellow  turmeric  paper  be  dipped  into  a 
I Solution  of  boracic  acid  and  dried  at  100°  it  turns 
I reddish  brown.  On  adding  ammonia  the  colour  turns 
I;  dark  blue.  It  is  the  only  acid  that  turns  turmeric 
|\  brown,  this  colour  being  usually  produced  by 
nalkalies. 

BORAX. 

Formula,  Na2B407,  10H2O. 


This  is  pyroborate  of  sodium^  Borax  occurs 
native  as  tincal  in'  Persia  and  ""else  where  ; of  late, 
borax  has  been  found  in  large  quantities  in  Cali- 
fornia. 

Preparation  of  borax. — If  the  crude  volcanic 
boracic  acicl  be  healed  with  sodium  carbonate,  am- 
monium carbonate  volatilises  ( see  page  123),  and  borax 
remains. 


Na2C03  + 4H3B03  = Na2B407  + 

Sodium  Boric  acid.  Borax, 

carbonate. 


ft 

w 
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C02  + 6H20 

Carbon  Water, 

dioxide. 

Borax  when  heated  gives  off  its  water  of  crystallisa- 
tion, swelling  up  enormously  ( intumescence ),  and  then 
melts  : fu^ed  borax  dissolves  many  metallic  oxides, 
and  ofFen.  acquires  thereby  characteristic  colours  ;l 
Idius,  cobalt  gives  a blue  borax  bead,  chromium  a 
green  bead,  etc.  For  the  same  reason  it  is  largely 
used  in  the  operation  of  rrBrazing,  ’ for  uniting  pieces 
of  brass,  silver,  gold,  etc.  : the  melted  borax  dissolves 
anyoxide,  and  offers  a clean  metallic  surface  to  which 
the  solder  adheres. 

Tests. — (i)  If  sulphuric  acid  be  added  to  borax 
(to  set  free  boracic  acid),  the  mixture  stirred  with 
alcohol,  and  a light  applied,  a green- coloured  flame 
will  be  obtained. 

(ii)  If  to  a solution  of  borax,  hydrochloric  acid 
be  added,  the  solution  will  give  the  turmeric  paper 
test  (see  p.  170). 
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PHOSPHORUS — COMPOUNDS  OP  PHOSPHORUS. 

Phosphorus — Ordinary  or  Yellow  Phosphorus  — Eed  or  Amorphous 
Phosphorus— Phosphorus  Trioxide— Phosphorus  Pentoxide— 
Phosphoric  Acid  — Pyrophosphoric  Acid  — Metaphosphoric 
Acid — Phosphorous  Acid — Hypophosphorous  Acid — Gaseous 
Phosplioretted  Hydrogen — Liquid  Phosphoretted  Hydrogen 
— Compounds  of  Phosphorus  and  Chlorine — -Compounds  of 
Phosphorus  and  Bromine— Compounds  of  Phosphorus  and 
Iodine. 

PHOSPHORUS. 


Symbol , P ; molecule , P4;  pentad;  atomic  weight , 31 ; 
molecular  weight , 124. 

Phosphorus  and  arsenic  are  the  only  two  ele- 
mentsThat  contain  lour' atoms  in  the  "molecule ; the 
density  ' of  'phosphorus  vapour  is"  62,  therefore  its 
molecular  weight  is  62x2  = 124,  and  as  the  relative 
weight  of  its  atom  is  31,  the  molecule  must  contain 


four  atoms. 

Phosphorus  (from  (frtig , light ; (pepeLv,  to  bear) 
derives  its  name  from  its  property  of  shining,  or  being 
luminous,  in  the  dark  ; it  occurs  in  nature  principally 
as  calcium  phosphate  in  the  minerals  apatite  and  phos- 
phorite, and  in  soils  in  small  quantities  ; plants  _j_os- 
a sess  the  power  of  abstracting  the  calcium  phosphate 
from  soils,  and  of  storing  it  in  their  tissues  partly  in 
the  form  of  a soluble  calcium  phosphate,  and  partly 
in  'the  form  of  complex  organic  bodies  containing 
phosphorus  ; animals  by  using  plants  as  foods  convey 
phosphorus  into  their  systems,  and  the  calcium  phos.- 
phate  becoming  deposited  in  bones  constitutes  the 
principal  inorganic  and  hardening  cous titueiit~bf 
bones,  whilst  phosphorus  in  the  form  of  complex 
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organic  bodies  is  an  essential  constituent  of  the 
brain,  nervous,  and  other  tissues ; in  our  food  more 
phosphorus  is  taken  than  the  system  requires,  the 
excess  being  got  rid  of  mainly  by  excretion  as  phos- 
phates (principally  in  the  urine,  partly  in  the  fteces), 
and  thus  returned  to  the  soil.  Phosphorus  was 
first  prepared  (1670)  from  the  calcium  phosphate 
obtained  from  concentrated  urine ; later,  the  discovery 
Was  made  that  Bones  also  contain  labium  phosphate,' 
sdTcP  iff  is  from  this' “source  that  phosphorus  is  now 
‘prepared. 

1 "There  are  two  allotropic  forms  of  phosphorus,  the 
ordinary  or  yy>]J&iv,  and  the  red_o r amorphous , which 
differ  remarkably  from  one  another  in  their  properties. 

Ordinary  or  Yellow  Phosphorus. 

This  is  prepared  from  bones  in  the  following 
manner  : — /ylThe  bones  are  calcined  to  obtain  bone- 
ash,  an  impure  calcium  phosphaTTy  (n).  the  bone-ash 
is  digested  with  sulphuric  acid.  Phosphorfc^acicl 
Foumius  in  solution  and  calcium  sulphate  is  pre- 
cipitated. 


Ca3(P04)3 

Calcium 

phosphate. 


+ 


3H2S04 

Sulphuric 

acid. 


'i 


3CaS04  + 2H.P04 

Calcium  - Phosphoric 


sulphate. 


acid. 


The  liquid  is  filtered  and  evaporated  to  a syrup  ; 
25  per-~cent;i  bf'  charcoal  powder  is  added,  and  the 
mixture  dried;  it  is  finally  distilled  at  a red  heat 
from  clay  retorts,  and  the  phosphorus  vapour  collected 
under  water. 

The  reactions  which  occur  are  : — (1)  the  phos- 
phoric acid  gives  off  water  and  is  converted  into 
metaphosphoric  acid. 


h3po4 

Phosphoric 

acid. 


tip  + hpo3 

Water.  Metaphosphoric 
acid. 
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(2)  The  metaphosphoric  acid  is  reduced  by  the 
red-hot  carbon. 


4HP03  + 12C 

Metaphosphoric  Carbon, 
acid. 


12CO  + 2H2 

Carbon  Hydrogen, 

monoxide. 


' / (iii)  The  phosphorus  so  obtained  is  purified  by 
forcing  it,  when  melted  under  hot  water,  through 
wash-leather ; the  purified  phosphorus  is  then  cast 
into  sticks,  and  kept  under  cold  water. 

Properties. — Phosphorus  is  a colourless  trans- 
parent solid  when  first  prepared,  somewhat  resembling 
white  wax  in  appearance  and  consistency,  but  it 
gradually  becomes  yellowish  in  colour  by  keeping. 
It  melts  at  44°  (110°  F.),  ignites  at  a slightly 
higher  temperature,  boils  at  269°,  and  out  of 
contact  with  air  may  be  distilled  unchanged ; it  is 
luminous  in  the  dark  and,  if  exposed  to  the  air  at 
ordinary  temperatures,  it  gives  off,  without  igniting, 
white  fumes  of  phosphorus  trioxide  or  phosphorous 
anhydride  (P40G) ; when  burnt,  it  forms  a white 
powder,  the  phosphorus  pentoxide  or  phosphoric 
anhydride  (P206).  If  phosphorus  be  held  in  the 
hands  for  a short  time,  it  is  very  apt  to  catch  fire, 
and  it  is  therefore  kept  under  water.  It  is  slightly 
soluble  in  ether  and  in  the  fixed  oils,  and  is  very 
soluble  in  carbon  bisulphide ; if  fits  solution  in  this 
substance  be  poured  on  a sheet  of  paper  or  on  the 
floor,  the  carbon  bisulphide  rapidly  evaporates,  and 
the  phosphorus  is  left  in  so  fine  a state  of  division 
that  it  ignites  spontaneously  in  a very  short  time. 

I Phosphorus  is  very  poisonous,  and  is  a common  con- 
stituent of  the  rat-pastes , which  consist  of  yellow 
phosphorus,  fat,  sugar,  flour,  and  prussian  blue ; most 
cases  of  phosphorus  poisoning  are  due  to  the  swallow- 
ing of  rat-paste. 
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Red  or  Amorphous  Phosphorus. 


This  is  prepared  by  heating  ordinary  phosphorus 
in  an  atmosphere  of  carbon  dioxide  or  of  nitrogen 
‘to  240 D for  some  time,  any  ordinary  phosphorus 
which  remains  unchanged  being  removed  by  dissolving 


it  out  with  carbon  disulphide. " It  is  also  very 

formed  by  the  exposure  of  a stick  of  phosphorus,  kept 
under  water,  to  light,  when,  after  some  time,  a red 
coating  of  amorphous  phosphorus  forms  on  the  stick. 

If  amorphous  phosphorus  be  heated  (while  in  an 
atmosphere  of  carbon  dioxide  or  of  nitrogen)  to  a 
high  temperature,  it  passes  into  vapour  which  con:_ 
depses  as  ordinary  phosphorus.  A. 

Properties. — This  allotropic  form  of  phosphorus 
is  a red-brown  amorphous  powder ; it  does  not  fume 
in  the  air,  nor  is  it  luminous  in  the  dark ; it  does 
not  melt  at  250°,  and  catches  fire  only  at  260°  ; 
there  is  therefore  no  necessity  for  keeping  it  under 
water;  it  is  insoluble  in  carbon  bisulphide,  and  all 
liquids ; it  is  odourless  and  non-poisonous  ; although 

<qsually  amorphous  it  has  been  obtained_in.iirystals. « 

i>  1 1 o sf > tionrs  fil  l ii c i I e r matches.— 
Both  varieties  of  phosphorus  are  used  in  the  manu- 
facture of  lucifer  matches.  Common  matches  are 


tipped  with  a mixture  containing  ordinary  phosphorus, 
and  ignite  when  rubbed  on  any  rough  surface,  the 
friction  producing  sufficient  heat  to  set  the  phosphorus 
on  fire.  Safety  matches  have  no  phosphorus  on  their 
tips,  but  are  tipped  with  a mixture  of  potassium 
chlorate,  red  lead,  and  black  sulphide  of  antimony, 

I the  phosphorus  being  on  the  side  of  the  box  in  the 
form  of  amorphous  phosphorus,  stuck  on  with  common 
glue;  when  a safety  match  is  rubbed  against  this, 
the  portion  of  amorphous  phosphorus  rubbed  adheres 
to  the  tip  of  the  match  and  causes  it  to  catch  fire. 

The  following  table  contrasts  the  different  pro- 
perties of  the  two  allotropic  forms  of  phosphorus  : 
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Ordinary  Phosphorus. 

Form. — In  sticks. 

Colour. — Colourless,  oryellow. 

Odour.  — Peculiar. 

Luminosity . — Luminous  in 
dark. 

Inflammability.  — Ignites  at 
45°  C.,  and  is  apt  to  ignite 
when  handled. 

Exposure  to  air. — White  fumes 
evolved. 

Solubility. — Soluble  in  carbon 
bisulphide,  and  slightly  so 
in  ether  and  the  fixed  oils. 

Physiological  action.  — Very 
poisonous. 


Amorphous  Phosphorus. 

In  powder. 

Red -brown. 

None. 

Not  luminous. 

Ignites  at  260°  C.,  and  may 
be  handled  with  im- 
punity. 

No  fumes  evolved 
Insoluble  in  all  liquids. 

Not  poisonous. 


COMPOUNDS  OF  PHOSPHORUS  AND 

OXYGEN. 


There  are  two  oxides  of  phosphorus,  viz.  phos- 
phorous oxide  or  phosphorous  anhydride  (P40G),  and 
phosphoric  oxide  or  phosphoric  anhydride  (P205). 


I* 


0 


lo 


Phosphorous  Oxide. 


Formula,  P406. 


When  phosphorus  is  burnt  in  a rapid  current  of 
air  a mixture  of  the  two  oxides  P40G  and  P305  is 
formed,  the  mixture  is  passed  through  a glass  tube 
surrounded  with  hot  water  at  60°;  the  P205  condenses 
in  this  tube,  while  the  more  volatile  P40G  passes  on 
and  is  condensed  in  a U-tube  surrounded  with  a 
freezing  mixture.  It  is  a soft,  waxlike,  crystalline 
solid,  melting  at  32-5°  ; it  gives  off  a very  poisonous 
vapour.  When  warmed  in  oxygen  it  bursts  into 
flame.  Its  vapour  density  is  110,  and  its  molecular 
weight  220. 
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Phosphorus  Pentoxide, 

frj . \ 0*  p ' V* 

Formula , PnO,, 

This  oxide  is  obtained  as  a white  powder  by  burn- 
ing phosphorus  in  oxygen,  or  in  a free  supply  of  air. 
At  a high  temperature  it  can  be  volatilised ; it  has  a 
very  powerful  attraction  for  moisture,  being  one  of 
The  most  hygroscopic  substances  known.  It  is  the 
anhydride  of  phosphoric  acid,  and  if  dissolved  in  hot 
water  it  forms  phosphoric  acid  at  once;  if  dissolved  in 
cold  water  it  forms  at  first  metapliosphoric  acid  : the 
metaphosphoric  acid  then  gradually  unites  with  more 
water  to  form  ordinary  phosphoric  acid. 

ACIDS  OF  PHOSPHORUS. 

There  are  three  acids  of  phosphorus,  viz. : 

H3P04  Phosphoric  acid. 

H3PO3  or  H2PH03  Phosphorous  acid. 

H3PO2  or  HPH202  Hypophosphorous  acid. 

Of  phosphoric  acid  there  are  two  derivatives,  viz. 
pyrophosphoric  acid  (H4P207)  and  metaphosphoric 
acid  (HPOg),  which  consist  of  phosphoric  acid  de- 
prived of  different  amounts  of  water  ; these,  however, 
are  not  separate  acids  of  phosphorus,  but  are  deriva- 
tives or  varieties  of  phosphoric  acid,  in  connection 
with  which  they  will  be  described. 

Phosphoric  or  Ortiio-piiosphoric  Acid. 

Formula , H3P04. 

This  is  the  ordinary  or  common  phosphoric  acid, 
and  is  called  ortho-phosphoric  acid  (opdvg,  true)  in 
order  to  distinguish  it  from  its  two  derivatives. 

Modes  of  preparation.  — Q By  dissolving 
phosphoric  anhydride  in  hot  water. 

M 
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p PA 

Phosphoric 

anhydride. 


+ 3H20  = 

Water. 


2H3PO, 

Phosphoric 

acid. 


The  phosphoric  acid  used  in  medicine  is 
obtained,  by  toiling  together  for  some  time  phosphorus, 
nitric  acic^  and  water ; the  phosphorus  is  oxidised  by 
the  nitric  acid  to  phosphoric  anhydride,  and  this  with 
the  boiling  water  forms  phosphoric  acid. 


31*4  + 

Phosphorus. 


20HNO3  + 8H20 

Nitric  acid.  Water. 

20NO 

Nitrogen 

dioxide. 


12H3P04  + 

Phosphoric  acid. 


Phosphoric  acid  may  be  obtained  by  the 
action  of  phosphorus  pentacliloride  on  water,  the 
hydrochloric  acid  being  driven  off  by  subsequent 
evaporation. 


PC16  + 4H,,0  = HsP04  + 5HC1 

Phosphorus  Water.  Phosphoric  Hydrochloric 

pentachloride.  acid.  acid. 

((iv)  By  the  action  of  sulphuric  acid  on  bone  asli 
(see  pr  17 3). 

Properties. — Phosphoric  acid  is  _one  of  the 
least  volatile  inorganic  acids,  as  it  e ven~expe!s^ul  - ' 
phuric  acid  from  its  compounds.  It  forms  three 
sodium  salts,  viz.  Na3POp  NajHPO,,  and  NaH„P04 ; 
the  last-mentioned  salt  is  acid  to  test-paper. 

Tcsts< — (i)  Phosphoric  acid  when  neutralised 
^ withf-ftffiTffonia  gives  a canary -yellow  precipitate  of 
silver  phosphate  with  solution  of  silver  nitrate ; this 
precipitate  is  readily  dissolved,  both  by  solution  of 
ammonia  and  by  nitric  acid. 

(ii)  If  to  phosphoric  acid  excess  of  ammonia  be 
added,  and  then  solutions  of  ammonium  chioricle'  and 
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magnesium  sulphate,  a white  crystalline  precipitate  '*'<£  _ 
will  form  on  shaking  the  mixture  ; this  precipitate  is**^ 
the  magnesium  ammonium  phosphate  (MgNH4P04). 

{Jpif  If  a small  quantity  of  a phosphate  he  boiled 
withstrong  nitric  acid  and  ammonium  molybdate, 
a bright  yellow 'precipitate  is  formed.  frV/0^4- &*** 

Pyrophosphoric  Acid. 

Formula , H4P207. 


/ 

Tliis  derivative  of  phosphoric  acid  is  obtained  by 
heattn^fKat  acid  a little  above  200° ; two  molecules_._ 
of  phosphoric  acid  lose  one  molecule  of  wafer,  forming 


pyrophosphoric  acid. 


2H3P04 

Phosphoric 

acid. 


h2o  = h,p2o7 

Water.  Pyrophosphoric 
acid. 


It  may  also  be  obtained  in  the  form  of  its  sodium 
salt  by  heating  ordinary  sodium  phosphate,  thus  : 


2Na2HP04  = Na4P207  + H20 

Sodium  Sodium  Water, 

phosphate.  pyrophosphate. 

Tests. — (i)  When  neutralisedwvith 

phosphoric  acid  gives  a white  precipi 

nitrate,  thus  distinguishing  it  from  phosphoric  acid, 
which  ogives  a yellow  precipitate. 

(ii)  Pyrophosphoric  acid  does  not  coagulate 
albumen,  thus  distinguishing  it  from  metaphosphoric.^? . 
acid.  ( See  belo  w. ) 

Metaphosphoric  Acid. 

Formula , £LP03. 

This  variety  of  phosphoric  acid  can  be  prepared 
by  heating  that  acid  to  redness  ■ one  molecule  of 


ammonia,  pyro 


with  silver 
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phosphoric  acid  loses  one  molecule  of  water,  forming 
metaphosphorie  acid,  thus  : 

- h2o  = hpo. 

Phosphoric  Water.  Metaphospiioric 

acid.  acid. 


Metaphosphorie  acid  is  obtained  as  a vitreous 
mass,  and  hence  is  known  as  glacial  ‘phosphoric  acid ; 
it  dissolves  in  water,  and  its  solution  changes  slowly 
at  ordinary  temperatures,  but  rapidly  with  heat,  into 
ordinary  phosphoric  acid. 

Tests— When  neutralised  with  ammonia1 
metaphosphorie  acid  gives  a white  precipitate  with 
silver  nitrate,  thus  distinguishing  it  from  ordinary 
—boric  acid,  which  gives  a yellow  precipitate. 

? S°m^  ^n^Q^eC^  w^e  GSS  be  shaken 
etaphosphoric  acid,  the  albumen  is  coagulated ; 
-it  distinguishes  metaphosphorie  acid  from  pyro- 

SMioric  acid,  which  does  not  possess  the  power  of 
lating  albumen. 


Phosphorous  Acid. 


Formula,  H3P03. 

This  acid  contains  in  the  molecule  one  atom  of 
oxygen  less  than  phosphoric  acid. 

Modes  of  preparation.  By  dissolving 

phosphorous  oxide  in  cold  water.  ^ 


PA 

Phosphorous 

anhydride. 


+ 


6H,0  = 4H3P03 

Water.  Phosphorous 

acid. 


the  action  of  phosphorus  trichloride  on 


PC13  + 

Phosphorus 

trichloride. 


3H30  = HsPOs  + 3HC1 

Water.  Phosphorous  Hydrochloric 

acid.  acid. 


1 8 1 


ku\ 

Cha  Hypophosphi  TPS. 

Properties. — Phosphorous  acid  ht\s.  a very.-strong. 
attraction  for  oxygen,  and  if  exposed  to  the  air  forms 
phosphoric  acid  j on  account  of  its  affinity  for  oxygen .. 
it  is  a powerful  reducing  agent. 


Hypophosphorous  Acid. 


Formula , £LP00  or  HPHQOg. 

7 O A A A> 

This  acid  contains  one  atom  of  oxygen  less  in  the 
molecule  than  phosphorous  acid ; it  is  a monobasic 
acid,  and  its  constitutional  formula  is  therefore 
HPH302.  It  may  be  prepared  by  decomposing  its 
barium  salt  Ybarium  hvpophosphite)  with  sulphuric 
acid,  and  filtering  from  the  insoluble  barium  sulphate. 


Ba(PH202)2  + H2S04  = 2HPH203  + BaS04 

Barium  Sulphuric  Hypophosphorous  Barium 

liypopliosphite.  acid.  acid.  sulphate. 

Preparation  of  the  iiypopliosphites.—  The 

sodium,  potassium,  calcium,  and  barium  hypophos- 
phites  are  prepared  by  boiling  respectively  the  alkaline 
hydrateTbf  the  metal  with  phosphorus  and  water ; in 
each  case  gaseous  phosphoretted  hydrogen  is  evolved. 
The  two  hypophosphites  most  employed  in  medicine 
are  the  sodium  and  calcium  salts,  the  preparation  of 
which  is  shown  in  the  following  equations  : 


3NaHO  4-  P4  -f  3H20  = 3NaPH202  -f  PH, 

Sodium  Phosphorus.  Water.  Sodium  ~ Phosphoretted 

hydrate.  liypopliosphite  hydrogen. 


3Ca(HO)2 

Calcium 

hydrate. 


+ 2P4  + 6H20  = 3Ca(PH202)2  + 

Phosphorus.  Water.  Calcium 

liypopliosphite. 

' 2PH3 

Phosphoretted 

hydrogen. 
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COMPOUNDS  OF  PHOSPHORUS  AND 
HYDROGEN. 

There  are  three  compounds  of  these  elements,  a 
gas  (PH3),  a liquid  (P2H4),  and  a solid  (P4H2). 

Gaseous  Phosphoretted  Hydrogen  or  Phosphine. 

Formula , PH,. 

Modes  of  preparation.  — (i)  As  described 
above,  this  compound  is  produced  when  phosphorus  is 
boiled  with  an  alkali  and  water  • the  gas  that  ls~ 
evolved  is  not,  however,  quite  pure,  since  on  coming 
in  contact  with  the  air  it  ignites  spontaneously, 
whereas  pure  gaseous  phosphoretted  hydrogen  is  not 
spontaneously  inflammable;  its  spontaneous  inflam- 
mability, when  prepared  by  tUci  action  of  phosphorus 
on  an  alkali,  is  due  to  its  being  contaminated  with  a 
small  quantity  of  the  vapour  of  the  liquid  phos-^ 
phoretted  hydrogen,  which  is  spontaneously  inflam- 
mable. 

(ii)  The  pure  gas  is  obtained  by  the  action  of 
potassium  hydroxide  upon  phosphonium  iodide. 

PH4I  + KHO  = KI  + H20  + PHS 

Phosphonium  Potassium  Potassium  Water.  Phosphine, 

iodide.  hydroxide.  iodide. 

It  will  be  noticed  that  this  equation  is  comparable 

with  that  on  p.  119,  by  which  ammonia  is  prepared. 
In  fact,  phosphine  resembles  ammonia  in  several 
respects  : thus  it  combines  directly  with  hydrogen 
chloride,  bromide,  and  iodide  to  form  salts  (PH4C1, 
etc.),  but  it  is  not  such  a powerful  base  as  ammonia. 

Properties.  — The  specific  gravity  of  phos- 
phoretted hydrogen  is  17,  and  it  is  somewhat  heavier 
than  air;  it  is  a colourless  gas,  with  a very  un- 
pleasant garlic-like  odour,  nearly  insoluble  in  water, 
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and  igniting  when  a light  is  applied  to  it,  forming  by 
its  combustion  phosphorus  pentoxide  and  water. 


Liquid  Phosphoretted  HydrogeX. 
Formula , PoH^. 

Preparation. — This  body  is  obtained,  mixed 
with  PH3,  by  the  action  of  calcium  phosphide  on 
water. 


Ca^Pg 

Calcium 

phosphide. 


+ 


4H30 

Water. 


= ?,h,  + 

Phosphoretted 
hydrogen  (liquid). 


2Ca(HO)2 

Calcium 

hydrate. 


Properties. — A liquid  possessing  a very  un- 
pleasant odour,  and  catching  fire  spontaneously  on 
exposure  to  the  air ; it  is  very  unstable,  especially  if 
exposed  to  sunlight,  decomposing  into  the  gaseous 
and  solid  phosphoretted  hydrogen  and  free  phosphorus. 

Calcium  phosphide  is  sometimes*  used  as  a signal 
al  sea,  since  when  thro  wn  into  water,  the  phosphoretted 
liydrogen  evolved  takes  fire  and  burns  wit1"  ~ 
light. 


COMPOUNDS  OP  PHOSPHORUS  AND 

CHLORINE. 

There  are  two  chlorides  of  phosphorus,  a tri- 
chloride and  a pentachloride. 


Phosphorus  Trichloride  or  Phosphorous 

Chloride. 

Formula , PC13. 

A colourless  liquid,  fuming  in  moist  air,  and  pro- 
duced by  burning  phosphorus  in  chlorine,  keeping 
the  phosphorus  in  excess.  Phosphorus  trichloride  is 
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decomposed  by  water,  with  formation  of  phosphorous 
and  hydrochloric  acids. 

PC13  + 3H20  = H3PO3  + 3HC1 

Phosphorus  Water.  Phosphorous  Hydrochloric 

trichloride.  acid.  acid. 

Chlorine  converts  phosphorus  trichloride  into  the 
pentachloride. 

Phosphorus  Pentachloride  or  Phosphoric 

Chloride. 

* 

Formula , PC1-. 

A white  crystalline  body,  volatilising  and  fuming 
in  the  air.  It  is  produced  (i)  by  the  action  of 
chlorine  on  the  trichloride  of  phosphorus  ; (ii)  by 
burning  phosphorus  in  excess  of  chlorine  ; (iii)  by 
passing,  chlorine  into  a solution  of  phosphorus  in 
carbon  bisulphide.  Phosphorus  pentachloride  is  de- 
composed by  water,  with  formation  of  phosphoric  and 
hydrochloric  acids. 

PC15  4-  4H30  = PLPO^  + 5HC1 

Phosphorus  Water.  Phosphoric  Hydrochloric 

pentachloride.  acid.  acid. 


(Phosphorus  pentachloride  is  an  extremely  useful 
reagent,  since  it  acts  upon  organic  and  inorganic 
bodies  containing  the  hydroxyl  group,  replacing  the 
HO  by  Cl. 

\ 

S02(H0)2  + PC16  = POCI3  + HC1  + 

Sulphuric  Phosphorus  Phosphorus  Hydrochloric 

acid,  pentachloride.  oxychloride.  acid. 

SOoHOCl 

Chloro-sulphonic 
* acid. 
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{ COOH  + = {cOCl  + PC)C!13  + 

Acetic  Phosphorus  Acetyl  Phosphorus 

ac‘d.  peutachloride.  chloride.  oxychloride. 

HC1 

Hydrochloric 

acid. 

Phosphorus  pentachloride  has  a vapour  density  at 

90,Q-^ 

800°  of  52,  instead  of  (PC16  31  + 177*5)  ~ 0 = 

Jj 

104  2 ; this  is  explained  by  the  fact  that  PCL  vapour 
does  not  exist  ; under  ordinary  conditions  it  dissociates 
into  PCL  -f  Cl2,  so  that  we  have  two  molecules,  and 
must  therefore  divide  the  molecular  weight  by  4 
instead  of  2. 

COMPOUNDS  OF  PHOSPHORUS  WITH 
BROMINE  AND  IODINE. 

There  are  two  bromides  of  phosphorus,  a tri- 
bromide (PBrs),  which  is  a liquid  body,  and  a penta- 
bromide  (PBrg),  which  is  a solid  body. 

There  are  also  two  iodides  of  phosphorus,  a di- 
iodide (P2I4),  and  a tri-iodide  (PI3),  both  solid  bodies. 

All  these  compounds  are  produced  by  direct  com- 
bination between  the  elements. 

Tlie  nitrogen  group  of  elements.— Atten- 
tion has  already  been  called  (p.  182)  to  the  fact  that 
phosphine  can  be  prepared  by  a reaction  comparable 
to  that  by  which  we  obtain  ammonia.  This  is  but 
one  instance  of  many  points  of  resemblance  between 
j the  elements  nitrogen  and  phosphorus-.  — In  fact,  the 
elements  nitrogen,  phosphorus,  arsenic,  antimony,’  and 

Ibis  m ulh  tor  m a natural  group.  Thus  they  all  (except 
bismuth)  form  gaseous  compounds  with  hydrogen, 
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having  the  formulae  NH3,  PH3,  AsH3,  SbH3.  Again, 
we  have  the  corresponding  acids,  HN03,  HP03, 
HAs03,  HSb03 ; the  metallic  nature  of  the  elements 
becomes  more  marked  as  the  atomic  weight  increases, 
so  that  the  oxides  of  bismuth  do  not  form  well-marked 
acids. 


CHAPTER  XI. 


SULPHUR — OXIDES,  ACIDS,  AND  COMPOUNDS  OP 

SULPHUR. 

Sulphur — Allotropic  forms  of  Sulphur — Properties  of  Sulphur — 
Sulphur  Dioxide  or  Sulphurous  Anhydride — Sulphur  Trioxide 
or  Sulphuric  Anhydride — Sulphurous  Acid — Sulphuric  Acid 
— Nordhausen  or  Fuming  Sulphuric  Acid — Sulphuretted 
Hydrogen  — H}rdrogen  Persulphide  — Thiosulphuric  Acid — 
Compounds  of  Sulphur  and  Chlorine.  ,• 

SULPHUR. 

Symbol,  S ; molecule  at  500°  S6,  at  1000°  S2 ; 
hexad ; atomic  weight,  32;  molecular  weight,  64 

at  1000°. 

-Sulphur,  commonly  known  as  brimstone,  occurs  in 
nature  in  considerable  quantities,  in  both  the  free 
and  combined  states.  In  the  free  state  it  is  found  in 
the  volcanic  districts  of  Sicijy,  Italy,  and  Iceland,  in  ! 
the  form  of  ^yellow  crystals,  or  in  the  amorphous  state^ 
embedded  in  blue  clay.  * In  the~combined  state  it 
exists  as  the  various  native  metallic  sulphides  ( e.g . 
iron  pyrites  blende  ZnS,  black  antimony  obaSs, 

copper  sulpKiote" CuS,  galena  cinnabar  HgS),  ana 

as  native  metallic'  sulphates  {e.g.  gypsum  0aS04, 
2H20,  Epsom  salts , MgS04,  7H20,  heavy  spar  BaS(J4). 
Sulphur*  is  obtained  from  the  rock,  in  which  it  occurs  1 
Tn  volcanic  districts,  by  melting  it  out ; it  is  purified  by  j 
distillation,  the  sulphur  being  convened  into  vapour, 
which  is  conducted  into  a large  and  cool  brick  cham- 
ber, in  which  it  becomes  cooled,  and  condenses,  first 
to  a yellow  powder,  jiowers  of  sulphur , which  subse- 
quently melts,  and  is  cast  into  sticks.  \ 

There  are  three  allotropic  forms  of  sulphur,  viz. 


i88 


Chemistry. 


[Part  II. 


two  crystalline  forms  (the  octahedral  and  the  prismatic) 
and  an  amorphous  form. 

The  allotropic  forms  of  sulphur.  — Q} 

Octahedral  variety. — This  is  obtained  hv  dissolviri^ 
powdered~~Stn5k~  sulphur  in  carbon  bisulphide,  and 
allowing  the  solution  to  evaporate  spontaneously, 
when  octahedral  crystals  of  sulphur  are  ^deposited. 
Sulpjmr  is  found  native  crystallised  in  this  form. 

uij  Prismatic  variety. — This  may  be  obtained  by 
heating  sulphur  in  a crucible  until  it  melts,  allowing 
it  to  cool  until  a crust  forms  on  the  surface,  and  then 
perforating  the  crust  with  an  iron  rod  and  pouring 
out  the  molten  sulphur  from  underneath,  when  long- 
prismatic  crystals  of  sulphur  will  be  found  adhering 
to  the^sides  of  the  crucible. 

|Yiii|  Amorphous  variety. — This  may  be  produced 
in  tVo  forms,  plastic  sulphur  and  precipitated  sulphur. 
Plastic  sulphur  is  prepared  by  heating  sulphur  to  a 
temperature  between  300°  and  400°,  and  then  pour- 
ing it  into  cold  water,  when  it  forms  a plastic  mass 
which  can  be  drawn  out  like  soft  caoutchouc  ; it  does 
not,  however,  retain  its  plasticity  for  long,  as  it  gradu- 
ally becomes  hard  and  brittle,  owing  to  its  conversion 
into  the  crystalline  condition.  Precipitated  sulphur  is 
obtained  by  boiling  flowers  of  sulphur  with  calcium 
hydrate  (slaked  lime)  and  water,  when  the  sulphur 
passes  into  solution  as  calcium  pentasulphide  (CaS-) 
and  calcium  thiosulphate  (CaS203),  from  which  solution 
the  sulphur  may  be  precipitated  in  the  amorphous 
form  by  hydrochloric  acid,  which  unites  with  the  cal- 
cium and  so  sets  free  the  sulphur. 


3Ca(HO)8  + 6S2 

Calcium  Sulpkui’. 

hydrate.  * 


2CaS6  + 

Calcium 

pentasulphide. 


CaS203  + 3H20 

Calcium  Water, 

thiosulphate. 
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2CaS5  + CaS203  + 6HC1  = 3CaCl2  + 

Calcium  Calcium  Hydrochloric  Calcium 

pentasulpliide.  thiosulphate.  acid.  chloride. 

6S3  + 3H20 

Sulphur’.  Water. 

This  is  the  process  for  preparing  the  precipitated 
sulphur  of  the  British  Pharmacopoeia;  if  sulphuric 
acid  is  used  instead  of  hydrochloric  acid,  calcium  sul-^ 
phate  will  be  produced  instead  of  calcium  chloride,  / 
and,  since  the  calcium  sulphate  is  insoluble,  will  be/ 
thrown  down  with  the  precipitated  sulphur.  This  j 
mixture  of  calcium  sulphate  and  sulphur  used  to  be  S 
known  as  milk  of  sidphur , formerly  an  official  pre-  ) 
paration  in  the  •Pharmacopoeia,  but  its  use  has  been 
discontinued  on  account  of  the  large  quantity  of  in- 
soluble sulphate  present  in  it. 

Properties. — Sulphur  is  a solid,  possessing  a 
pale  yellow  colour,  odourless,  tasteless,  and  insoluble  , 
in  water  ; it  burns  with  a pale  blue  flame,  producing’* 
sulphur  dioxide  or  sulphurous  anhydride,  a gas  hav- 
ing a very  pungent  odour.  At  115°  sulphur  melts 
to  a clear  mobile  liquid,  which, ~If  allowed  to  cool, 
resolidifies  to  the  ordinary  yellow  sulphur  (the  pris- 
matic variety) ; if  more  strongly  heated,  it  undergoes 
a peculiar  change,  for,  instead  of  becoming  more 
mobile,  it  becomes  more  viscid,  and  darker  in  colour, 
so  that  at  200°  it  is  a dark  brown  liquid,  and  so 
viscid  that  the  vessel  containing  it  may  be  inverted 
without  the  sulphur  flowing  out;  if  heated  above 
200°,  and  up  to  400°,  it  gradually  becomes  \ 
mobile  again,  and  boils  at  448°.  Sulphur  unites  / 
directly  with  oxygen,  chlorine,  phosphorus,  car  bom  'J 
and  most  of  the  metals.  Sulphur  Is  soluble  m carbon  J 
TUsulphide.  m 

Test — Its  yellow  colour,  combined  with  its  burn-  * 
ing  with  a paleblue  flame,  and  producing  the  pungent 
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smelling  gas  sulphur  dioxide,  renders  the  recognition 
"of  sulphur  very  easy. 


COMPOUNDS  OF  SULPHUR  AND  OXYGEN. 


There  are  two  oxides  of  sulphur,  viz.  a gaseous 
oxide,  sulphur  dioxide  or  sulphurous  anhydride  (SO of  4 

and  a^oli^ToxicTe,  sulphur  trioxide  or  sulphuric  anhv- 
dride  * K ** dO. 


Sulphur  Dioxide  or  Sulphurous  Anhydride. 
Liquefies  at  — 10°. 


V This  compound  is  contained  in  the  gases  of 
volcanoes. 

Modes  of  preparation.— By  the  combus- 
tion of  sulphur  in  air  or  oxygen.  ^ 


2S 

Sulphur. 


+ 


202  = 


2SO 


Oxygen. 


2 


Sulphur. 

dioxide. 


(jii)  By  roasting  iron  pyrites  in  air. 


4FeS, 


2 


+ 1 102 

Iron  Oxygeu. 

pyrites. 


2Fe203  d" 


8SOo 


Ferric 

oxide. 


Sulphur 

dioxide. 


(iii)  For  experimental  purposes  sulphur  dioxide 
is  most  readily  prepared  by  the  action  of  strong  sul- 
phuric acid  with  heat  on  the  metals  copper,  silver,  or 
mercury. 


Cu  + 2H3S04 

Copper.  Sulphuric 

acid. 


= CuS04  + S03  + 2H30 


Copper 

sulphate. 


Sulphur 

dioxide. 


Water. 


^iv)  Sulphur  dioxide  can  be  cheaply  prepared  by 
the  action  of  strong  sulphuric  acid  with  heat  on 
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charcoal ; it  is  not,  however,  pure,  as  it  is  mixed  with 
carbon  dioxide,  which  is  produced  at  the  same  time. 

2H2S04  + C = 2S02  + C02  + 2H20 

Sulphuric  Charcoal.  Sulphur  Carbon  Water, 

acid.  dioxide.  dioxide. 

Properties* — The  specific  gravity  of  sulphur 
dioxide  is  32,  and  it  is  considerably  heavier  than  air ; 


Fig.  19.— Preparation  and  Liquefaction  of  Sulphur  Dioxide. 

it  is  a colourless  gas,  with  a very  pungent  irritating 
odour,  and  an  acid  taste);  it  is  neither  combustible  nor 
is  it  a supporter  of  combustion;  it  is  very  poisonous. 
and  is  freely  soluble  in  water.  60  volumes  dissolving 
in  1 volume  of  water.  If  cooled  by  means  of  a freezing 
mixture  it  condenses  to  a liquid ; the  apparatus  for 
liquefying  it  is  shown  in  Fig.  19.  a is  a flask  in 
which  the  sulphur  dioxide  is  prepared  by  heating 
strong  sulphuric  acid  with  copper.  The  gas  is  passed 
through  a wash-bottle  B,  and  then  through  a spiral 
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tube  surrounded  by  a freezing  mixture  c,  the  liquefied 
gas  being  received  in  a flask  d,  which  is  also  sur- 
rounded by  a freezing  mixture.  Sulphur  dioxide  is 
a bleaching  agent,  and  also  an  antiseptic,  on  account 
of  its  germicidal  properties  ; as  an  antiseptic  it  is  em- 
ployed in  the  disinfection  of  rooms  in  which  patients 
suffering  from  infectious  fevers  have  been  kept,  but 
it  is  doubtful  whether  it  is  thoroughly  reliable  for 
such  a purpose.  For  this  purpose  sulphur  is  heated 
in  an  iron  saucepan  until  it  has  passed  through  the 
viscid  stage  and  again  become  mobile  (p.  189)  ; it  is 
then  lighted  in  the  room,  the  windows  and  the  doors 
being  closed  ; 1 to  1 J lb.  of  sulphur  are  used  to  every 
1,000  cubic  feet  of  air  space  in  the  room. 

If  sulphur  dioxide  and  sulphuretted  hydrogen 
gases  be  mixed,  a cloud  of  free  sulphur  is  formed. 

2S02  + 411,8  = 3S2  + 441,0  ' 

Sulphur  Sulphuretted  Sulphur.  Water. 

dioxide.  hydrogen. 

It  is  possible  that  much  of  the  sulphur  found  free 
in  nature  in  volcanic  districts  is  produced  in  this 


manner. 

Tests. — |i)  Its  peculiar  pungent  and  irritating 
odour. 

(n)  It  turns  paper  moistened  with  potassiui^ 
bichromate  bluish  green.  ^\/srvo^f^0^  0^3^-  ~ 
W It  gives  a blue  colour  with  a mixture  of  iodic 
acid  and  starch. 


Sulphur  Trioxide  or  Sulphuric  Anhydride. 

Formula,  SO.,. 

’h 

~ "Modes  of  preparation.  — ((i)  By  passing  a 
mixture  of  sulphur  dioxide  and  oxygen  over  heated 
and  finely  divided  platinum,  when  the  two  gases  unite 
to  form  the  higher  oxide  of  sulphur. 
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2S03  + 02  - 

Sulphur  Oxygen, 

dioxide. 


2S03 

Sulphur 

trioxide 


fc)  By  gently  heating  ISTordhausen  or  fuming 
sulpKiiric  acid,  when  sulphuric  anhydride  volatilises 


over  andcondenses. 

h2so4,  S03 

Nordhausen 
sulphuric  acid. 


h2so4  + so3 

Sulphuric  Sulphur 

acid.  trioxide. 


anhn 


By  disuliing  sulphuric  acid  with  phosphoric 
[ride. 


3H2S04  + P205  = 2H3P04  + 3SOs 

Sulphuric  Phosphoric  Phosphoric  Sulphuric 

acid.  anhydride.  acid.  anhydride. 


Properties. — Sulphur  trioxide  is  a solid  body, 
occurring  in  white  silky  needles.  It  dissolves  with 
avidity  in  water,  uniting  with  it  to  form  sulphuric 
acid. 

so3  + h2o  = h2so4 

Sulphuric  Water.  Sulphuric 

anhydride.  acid. 

SULPHUROUS  ACID. 

Formula , H0SO.. 

' H O 

K 

Ulode  of  preparation. — By  passing  sulphurous 
anhydride  into  water. 

so2  + h2o  = h2so3 

Sulphurous  Water.  Sulphurous 

anhydride.  acid. 

Properties. — Sulphurous  acid  possesses  the 
Characteristic  pungent  odour  of  sulphurous  anhydride. 
«f  exposed  to  the  air  oxygen  is  absorbed,  and  the 
sulphurous  acid  is  slowly  converted  into  sulphuric 

N 
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acid  (2H2S03  02  = 2H2S04). , _0n  account  of  this 

readiness  to  combine  with  oxygen,  sulphurous  acid  is 
a powerful'  reducing  agent.  Nascent  hydrogen  can, 
however,  reduce  sulphurous  acicT,  depriving  it  of  all 
its  oxygen,  and  setting  free  sulphuretted  hydrogen 
(H2S03  + 3H2  = H2S  + 3H20).  If  sulphurous 
acid  be  neutralised  with  an  alkaline  hydrate  or  car- 
bonate, a sulphite  is  produced.  Sulphites  are  more 
easily  prepared  by  the  union  of  sulphurous  anhydride 
with  the  strong  bases ; thus,  if  sulphurous  anhydride 
be  passed  into  solutions  of  caustic  potash  or  caustic 
soda,  sulphites  of  the  metals  are  produced,  thus  : 


2NaHO 

Caustic 

soda. 

+ so2  = 

Sulphurous 

anhydride. 

Na2S03 

Sodium 

sulphite. 

+ 

h2o 

Water. 

2KHO 

Caustic 

potash. 

+ so0  = 

Sulphurous 

anhydride. 

KoSO, 

o 

Potassium 

sulphite. 

+ 

II20 

Water. 

Tests,. — (i)  If  to  a solution  of  a sulphite  some 
hydrochloric  acid  be  added,  sulphurous  acid  is  set  free, 
and  this  can  be  readily  detected  on  warming  by  the 
evolution  of  the  pungent-smelling  sulphur  dioxide 
(see  tests,  p.  192). 

(ii)  If  to  sulphurous  acid  or  a solution  of  a 
sulphite  some  zinc  and  hydrochloric  acid  are  added, 
the  nascent  hydrogen  will  reduce  the  sulphurous  acid 
to  sulphuretted  hydrogen  ( see  above),  which  can  readily 
be  detected  by  its  odour,  and  by  its  blackening  a 
piece  of  filter-paper  moistened  with  a solution  of  lead 
3 1 acetate. 

SULPHURIC  ACID. 

• • ' Formula,  H2S04. 

Modes  of  preparation.— Sulphuric  acid  is 
obtained  by  the  oxidation  of  sulphurous  acid.  This' 
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may  be  effected,  though  very  slowly,  by  exposing 
sulphurous  acid  to  the  air.  Sulphuric  acid  is  now 
manufactured  on  an  enormous  scale,  the  process  con- 
sisting in  oxidising  sulphurous  acid  to  sulphuric  acid 
m large  leaden  chambers,  the  oxidation  being  effected' 
in  the  first  -place  by  means  of  nitric  acid,  and  after- 
wards  by  means  oTdiifrogen  peroxide  produced  from 


Fig.  20. — Sulphuric  Acid  Leaden  Chamber. 


the  nitric  acid  and  oxygen  of  the  air. u The  leaden 
chambers,  which  are  supported  by  means  of  external 
wooden  framework,  are  arranged  in  a series  com- 
municating with  one  another.  Into  the  first  one  the 
flue  of  a furnace  passes ; the  last  one  is  connected 
with  a tower.  Fig.  20  represents  the  first  of  the 
leaden  chambers.  In  the.furnace  A is  burnt  sulphur 
or  iron  pyrites  (FeS2),  the  resulting  sulphur  dioxide 
passing  along  with  a current  of  air  into  the  leaden 
chamber.  At  the  commencement  of  the  process  a 
vessel  containing  some  sodium  nitrate  and  sulphuric 
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acid  is  placed  within  the  furnace  on  one  side,  so  that 
the  vapour  of  the  nitric  acid  evolved  passes  with  the 
current  of  sulphur  dioxide  and  air  into  the  leaden 
chamber ; this  vessel  only  requires  re-charging 
occasionally.  The  boiler  b discharges  steam  (instead 
of  steam,  water  spray  is  often  used)  into  the  interior 
of  the  chamber,  and  at  the  bottom  of  the  chamber 
the  sulphuric  acid  collects  in  a diluted  condition,  and 
is  drawn  off  from  time  to  time.  The  formation  of 
the  sulphuric  acid  takes  place  as  follows  : — (i)  The 
sulphur  dioxide  passing  into  the  leaden  chamber 
unites  with  the  steam  to  form  sulphurous  acid. 


so2 

Sulphur 

dioxide. 


+ 


h2o 

Water. 


h2so3 

Sulphurous 

acid. 


(ii)  This  sulphurous  acid  is  immediately  oxidised 
by  the  nitric  acid  vapour  to  sulphuric  acid,  nitrogen 
dioxide  being  evolved. 


iSulphurc 


,80, 
sulphurous 
acid. 


+ 2HN0..  =(%2S04 

oulphurio 
acid. 


Nitric  acid. 


+ 2N0  + H,0 

Nitrogen  Water, 
dioxide. 


(iii)  The  nitrogen  dioxide  then  unites  with  the 
oxygen  of  the  air  that  has  passed  into  the  chamber 
to  form  nitrogen  peroxide. 


2N0  + 02  = 2N03 

Nitrogen  Oxygen.  Nitrogen 

dioxide.  peroxide. 

(iv)  This  nitrogen  peroxide  oxidises  more  sul- 

phurous acid  to  sulphuric  acid,  nitrogen  dioxide 
being  again  formed. 


2H2S03  + 2N02  = 2H2S04  + 2N0 

Sulphurous  Nitrogen  Sulphuric  Nitrogeu 

acid.  peroxide.  acid.  dioxide 
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(v)  The  nitrogen  dioxide  is  again  converted  by 
the  oxygen  of  the  air  into  nitrogen  peroxide,  which 
then  oxidises  more  sulphurous  acid.  It  will  be 
noticed,  therefore,  that  in  this  lead-chamber  process 
the  oxidation  of  the  sulphurous  acid  is  effected  in  twot 
different  ways  : («jby  means  of  nitric  acid  vapour,  a 
smaTf  'qu antlty  Mly  of  which  has  to  be  generated 
from  time  to  time  to  start  the  work  of  oxidation  isipj 
by  means  of  the  nitrogen  dioxide,  produced  by  the 
' VeHuciion  of  the  nitric  acid,  acting  as  a carrier  of  the 
oxygen  of  the  air  to  the  sulphurous  acid,  by  forming 
nitrogen  peroxide,  which,  oxidising  some  of  the  sul- 
phurous acid  to  sulphuric  acid,  reproduces  nitrogen 
dioxide,  which  then  carries  on  its  work  of  combining 
with  the  oxygen  of  the  air.  The  nitrogen  dioxide  is 
unable  to  continue  this  work  for  an  indefinite  period, 
on  account  of  its  being  gradually  swept  away  in  the 
current  that  is  passing  through  the  leaden  chambers  ; 
for,  since  the  air  that  passes  into  the  chambers  con- 
tains four-fifths  of  its  bulk  of  nitrogen,  this  nitrogen 
must  pass  away  to  make  room  for  the  fresh  gases  and 
air  streaming  in.  As  with  this  escaping  nitrogen  a 
considerable  quantity  of  nitrogen  peroxide  must  pass 
away,  and  as  this  latter  gas  would  very  seriously 
vitiate  the  atmosphere  in  the  neighbourhood  of  the 
sulphuric  acid  works  if  allowed  to  pass  into  it,  some 
provision  has  to  be  made  for  the  absorption  of  this 
gas.  To  effect  this,  the  gases  as  they  escape  from  the 
last  of  the  series  of  leaden  chambers  are  made  to  pass 
up  a tall  tower,  known  as  a Gay-Lussac’s  tower,  in 
which  strong  sulphuric  acid  is  kept  slowly  trickling 
down  over  pieces  of  coke  ; the  nitrogen  peroxide  is 
absorbed  by  the  strong  sulphuric  acid,  from  which  it 
can  be  liberated  by  dilution,  and  so  can  be  conducted 
into  the  first  of  the  leaden  chambers,  to  start  its  work 
of  oxidation  over  again.  The  sulphuric  acid  that 
collects  at  the  bottom  of  the  leaden  chambers  is  in  a 
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diluted  condition,  it  is  known  as  “ chamber  acid  ” and 
contains  about  66  per  cent,  of  H2S04 ; it  is  concen- 
trated by  evaporation  at  first  in  leaden  vessels,  and 
afterwards  in  glass  or  platinum  vessels. 

Large  quantities  of  strong  sulphuric  acid  are  now 
made  by  the  direct  union  of  SO0,O  and  H20  with  j 
the  aid  of  spongy  platinum  (see  page  192). 

Properties. — Sulphuric  acid,  which  is  commonly 
known  as  oil  of  vitriol , is  one  of  the  strongest  acids  ; 
the  pure  commercial  acid  is  of  specific  gravity  1 <S43, 
and  contains  94  percent,  of  sulphuric  acid,  if  strong-" 
jsulphuric  acid  is  mixed  with  water,  theanixture  becomes 
extremely  hot,  owing  to  the  formation  of  a molecular.,, 
compound  (HoSO^HgO).  On  account  of  its  powerful 
attraction  for  water,  strong  sulphuric  acid  is  employed 
for  the  purpose  of  drying  those  gases  on  which  it  has 
no  chemical  action.  If  sulphuric  acid  be  allowed  to 
drop  on  hot  bricks,  or  pieces  of  heated  pumice-stone, 
it  is  decomposed  into  water,  sulphur  dioxide,  and 
oxygen  (2H2S04  = 2H20  + 2S02  + 02). 

Commercial  sulphuric  acid  is  very  apt  to  contain 
small  quantities  of  lead,  arsenic,  and  nitrogen  peroxide 
as  impurities.  The  lead  exists  as  the  sulphate,  and  is 
derived  from  the  leaden  evaporating  vessels  in  which 
the  acid  is  concentrated.  Although  lead  sulphate  is 
soluble  in  strong  sulphuric  acid,  it  is  not  soluble  in 
the  dilute  acid,  and  therefore  comes  down  as  a white 
precipitate  on  diluting  the  strong  acid  with  water. 
Arsenic  is  derived  from  iron  pyrites  being  used  as  the 
source  of  the  sulphur  dioxide  ; arsenic  may  be  detected 
in  the  sulphuric  acid  by  diluting  it  with  water,  and 
passing  a stream  of  sulphuretted  hydrogen  gas  through 
it,  when  a yellow  precipitate  of  sulphide  of  arsenic  is 
produced  if  that  impurity  is  present,  or  it  may  be 
detected  by  Marsh’s  test  (see  page  287) ; sulphuric  acid 
can  be  manufactured  free  from  arsenic  by  employing 
Sicilian  sulphur  in  the  place  of  iron  pyrites.  Nitrogen 
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peroxide  is  derived  from  the  atmosphere  of  the  leaden 
chambers ; it  can  be  detected  by  shaking  the  strong 
sulphuric  acid  with  powdered  ferrous  sulphate,  which 
will  turn  of  a dark  colour  if  any  nitrogen  peroxide 
be  present.  Sulphuric  acid  can  be  freed  from  this 
impurity  by  boiling  with  a few  crystals  of  ammonium 
sulphate,  when  ammonium  nitrite  is  formed,  and  im- 
mediately decomposed  by  the  heat  into  nitrogen  and 
water  (NH4N03  = N3  + 2H30). 

1.  Test. — Sulphuric  acid,  or  a soluble  sulphate, 
solution  of  barium  nitrate  or  chloride  a 
diite  precipitate,  which  is  insoluble  in  hydrochloric 
cid,  or,  in  fact,  in  any  acid. 

NORDHAUSEN  OR  FUMING  SULPHURIC 

ACID. 

This  is  a commercial  form  of  strong  sulphuric  acid 
containing  sulphuric  anliy clricle  in  solution,  the  fumes’ 
which  it  gives  off  on  exposure  to  the  air  being  caused 
by  the  liberation  of  this  sulphuric  anhydride.  Its 
composition  is  usually  indicated  by  the  formula 
H3s307.  It  is  obtained  by  first  drying  crystallised 
ferrous  sulpliafe  (FeS04,  7H30),  which  loses  six- 
sevenths  of  its  water,  having  then  the  formula 
'FeS04,  H30,  and  then  strongly  heating  this  dried 
ferrous  sulphate  in  clay  or  earthenware  retorts,  when 
the  fuming  sulphuric  acid  distils  over,  ferric  oxide 
(Fe303)  being  left  in  the  retort. 

} — (Xvv  * C<r-TAA-«-  <5L  if  *>  ^ 4 | 

SULPHURETTED  HYDROGEN. 

Formula , H3S  ; liquefies  at  — 62°. 

This  gas  is  analogous  to  water  in  its  composition  : 
the  one  being  an  oxide  of  hydrogen  (H20),  the  other 
a sulphide  of  hydrogen  (H3S). 
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Modes  of  preparation.— (0  This  gas  is  gener- 
ally prepared  for  laboratory  purposes  by  the  action  of 
sulphuric  or  hydrochloric  acid  on  sulphide  Of  iron. 

FeS  + H2S04  = FeS04  + H2S 

Ferrous  Sulphuric  Ferrous  Sulphuretted 

sulphide.  acid.  sulphate.  hydrogen. 

Small  lumps  of  sulphide  of  iron  are  placed  in  a 
bottle  (Fig.  21)  with  two  tubulures,  c,  the  bottom  of 
the  bottle  is  covered  with  broken  glass  up  to  the 


level  aa,  on  this  rests  the  sulphide  of  iron  ; dilute 
sulphuric  acid  is  poured  into  the  bottle*  b,  which 
is  connected  with  c by  a flexible  tube  : on  opening 
the  tap  t the  acid  flows  into  c,  and  a brisk  evolution 
of  the  gas  occurs  ; it  is  then  allowed  to  pass  through 
some  water  in  a wash-bottle,  and  thence  into  whatever 
solution  it  is  required  to  be  passed.  When  the  tap  t 
is  closed  the  gas  accumulates  in  c and  forces  the 
acid  up  into  b,  and  the  evolution  of  the  gas  ceases. 

^ii)  It  may  also  be  prepared  by  the  action  of 
hydrochloric  acid  on  the  native  sulphide  of  antimony. 
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Sb3Ss  + 6HC1  = 2SbCla  + 3H2S 

Sulphuretted 
liydrogeu. 


_ 3S 
Antimony 
sulphide 


Hydrochloric 
acid. 


l3 

Antimony 

chloride. 


(iiil  Pure  sulphuretted  hydrogen,  such  as  should 
be  employed'  in  toxicological  inquiries,  may  be 
obtained  by  a method  suggested  by  Divers  : ordinary 
IDS  is  passed  into  water  containing  magnesium 
hydrate  in  suspension.  The  hydrate  is  converted 
into  hydrosulphide  (Mg(HS)2)  which  dissolves;  the 
clear  fluid  is  poured  into  a flask  furnished  with  a 
cork  and  delivery  tube  ; on  warming  to  60 — 65°  pure 
hydrogen  sulphide  is  evolved. 

Another  plan  is  to  treat  aluminium  sulphide 
witnwater. 


AlgSg  + 
Aluminium 
sulphide. 


6H20  = 

Water. 


3H2S  + 

Hydrogen 

sulphide. 


Al2(HO)6 

Aluminium 

hydrate. 


« v)  Sulphuretted  hydrogen  can  be  obtained  in 
sraan  quantities  by  direct  union  of  its  elements,  as 
when  hydrogen  is  passed  over  heated  sulphur. 

Properties. — The  specific  gravity  of  sulphuretted 
hydrogen  is  17,  and  it  is  somewhat  heavier  than  air; 
it  is  a combustible  gas,  burning  with  a pale  blue 
flame,  and  producing  sulphur  dioxide  and  water;  it 
is  not  a supporter  of  combustion.  Sulphuretted 
hydrogen  is  a colourless  gas,  but  possesses  a peculiar 
and  very  disagreeable  odour,  similar  to  that  of  rotten 
eggs,  and  a sweetish  unpleasant  taste.  Water  at 
ordinary  temperatures  dissolves  about  three  times  its 
volume  of  the  gas ; but  if  the  solution  is  kept  in  a 
bottle  half  full  of  air,  the  sulphuretted  hydrogen  is 
gradually  decomposed  by  the  oxygen  of  the  air, 
sulphur  becoming  deposited  (2H2S  + 00  = 2H00  -f  S0). 
A little  glycerin  added  to  the  water  tends  to  "preserve 
the  strength  of  the  solution.  Sulphuretted  hydrogen 
is  a poisonous  gas ; it  can  be  liquefied  by  a pressure 
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of  17  atmospheres  at  10°.  In  a high  state  of  dilation 
sulphuretted  hydrogen  is  contained  in  some  mineral 
waters  used  for  medicinal  purposes,  e.g.  those  of 
Harrogate  and  Aix-la-Chapelle ; it  is  also  evolved 
during  the  putrefactive  decomposition  of  animal 
matter,  eggs,  etc. 

The  slow  blackening  of  oil-paintings  is  due  to  the 
conversion  of  the  white  lead  of  the  paint  into  the 
black  sulphide  of  lead  by  slight  traces  of  sulphuretted 
hydrogen  in  the  air,  these  traces  being  derived  parti}7- 
from  coal-gas  and  partly  from  . minute  quantities 
evolved  from  the  human  body.  If  chlorine  is  brought 
in  contact  with  sulphuretted  hycbngen,  the  disagree- 
able smell  of  the  latter  immediately  disappears,  owing 
to  the  decomposition  of  ‘the  gas  by  the  chlorine,  with 
liberation  of  sulphur  (2H2S  + 2C12  = 4HC1  + S2). 
As  most  of  the  metallic  sulphides  are  insoluble  in 
* water,  sulphuretted  hydrogen  precipitates  many  of 
the  metals  from  solutions  of  their  salts,  and  hence  is 
, of  great  use  in  the  separation  of  many  of  the  metals 
for 'analytical  purposes.  The  following  equations 
show  the  action  of  sulphuretted  hydrogen  on  some 
of  the  metallic  salts  : — 


+ h2s  = 

HgS 

+ 

2HC1 

Mercuric 

Sulphuretted 

Mercuric 

Hydrochloric 

chloride. 

hydrogen. 

sulphide. 

acid. 

CuS04 

+ h2s  = 

CuS 

+ 

h2so4 

"Hopper 

Sulphuretted 

Copper 

Sulphuric 

sulphate. 

hydrogen. 

sulphide. 

acid. 

Pb^HjOj), 

+ h2s  = 

PbS 

+ 

2HO.HP, 

Lead 

Sulphuretted 

Lead 

Acetic 

acetate. 

hydrogen. 

sulphide. 

acid. 

2Bi(N03)3 

4-  3H2S  = 

Bi2S8 

+ 

6HN08 

Bismuth 

Sulphuretted 

Bismuth 

Nitric 

nitrate. 

hydrogen. 

sulphide 

acid. 
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2H3As03  + 3H2S  = As„Ss  + 6H„0 

Arsenious  Sulphuretted  Arsenious  Water, 

acid.  hydrogen.  sulphide. 

Sulphuretted  hydrogen  is  a powerful  reducing 
agent,  it  reduces  ferric  salts  to  ferrous  salts,  acid 
solution  of  potassium  bichromate  to  green  chromium 
salts,  etc. ; in  all  such  reactions  sulphur  is  precipitated. 

Test.; — Apart  from  its  odour,  which  is  very  \ 
characteristic,  sulphuretted  liydrogen  may  be  detected 
by  its  blackening  a piece  of  filter-paper  that  has  been 
dipped  in  a solution  of  lead  acetate  • the  darkening 
'ts  due  to-fche  formation  of  the  black  sulphide  of  lead. 

0'~\  u.  /pty  i 

HYDROGEN  PERSULPHIDE. 

Formula,  H2S2. 

This  body  is  analogous  to  hydrogen  peroxide 
‘ (H202)  in  its  composition.  It  may  be  obtained  by 
pouring  a solution  of  potassium  pentasulphide  (K2S5) 
into  strong  hydrochloric  acid,  when,  in  addition  to 
the  liberation  of  sulphuretted  hydrogen  and  sulphur, 
a heavy  oily  liquid  sinks  to  the  bottom,  which  is  the 
persulphide  of  hydrogen  in  a somewhat  impure  con- 
dition. It  is  a very  unstable  body,  readily  decom- 
posing into  sulphuretted  hydrogen  and  sulphur. 

THIOSULPHURIC  ACID. 

Formula , H„S0Oo. 

This  acid  is  not  known  in  the  free  state,  but  only 
in  its  salts,  of  which  the  most  important  is  s^Tuffn 
thiosulphate  (Na.aS.aQ.,  + 5H20),  commercially  known 
as  hyposulphite  of  soda. 

~ Preparation  ol  sodium  tJiiosulplmtc. 

0 By  warming  together  for  some  time  a solution  of 
sodium  sulphite  and  powdered  sulphur. 
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2Na2SOc 

Sodium 

sulphite. 


+ S2 

Sulphur. 


= 2Na0S203 

Sodium 

thiosulphate. 


(ii)  If  sulphur  dioxide  be  passed  into  calcium 
sulphide  (the  alkali-waste  obtained  in  the  manufacture 
of  sodium  carbonate),  it  is  partly  converted  into 
calcium  thiosulphate  (CaS203),  which  by  treatment 
with  sodium  carbonate  yields  the  soluble  sodium  thio- 
sulphate and  the  insoluble  calcium  carbonate. 


CaS203  + 

Calcium 

thiosulphate. 


Na2C03  = 

Sodium 

carbonate. 


.Na2S203 

Sodium 

thiosulphate. 


+ 


CaCOg 

Calciunl 

carbonate. 


Properties. — Sodium  thiosulphate  is  so  named 
because  it  is  regarded  as  sodium  sulphate  (Na2S04) 
from  which  one  atom  of  oxygen  is  withdrawn  and 
an  atom  of  sulphur  ( delov , sulphur)  substituted  for  it. 
It  is  largely  employed  (under  the  commercial  name 
of  hyposulphite  of  soda)  in  photography,  on  account 
of  the  property  that  it  possesses  of  dissolving  the 
bromide,  iodide,  and  chloride  of  silver,  provided  these 
Compounds  have  not  been  changed  by  the  action  of 
light ; a sensitive  photographic  plate  is  covered  with 
a thin  layer  of  one  or  more  of  these  silver  compounds, 
which  becomes  decomposed  on  those  parts  only  on 
Avhich  the  light  has  fallen ; after  developing  the 
picture,  the  silver  salt  that  remains  unchanged  is 
removed  by  immersing  the  plate  in  a solution  of 
hyposulphite  of  soda  \ this  is  called  “ fixing”  the 
photograph,  it  depends  upon  the  formation  of  a 
double  salt  of  sodium  and  silver,  Ag2Na4(S203)3,  which 
is  soluble  in  water. 

Test. — If  to  a solution  of  sodium  thiosulphate 
some  h}xlrochloric  acid  be  added,  the  smell  of  sulphur 
dioxide  is  evolved,  and  sulphur  is  precipitated  after 
the  solution  has  stood  for  a short  time.  This  reaction 
. is  due  to  the  liberation  of  thiosulphuric  acid,  which, 

. T 
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being  extremely  unstable,  is  quickly  decomposed  into 
sulphurous  acid  and  sulphur,  the  former  evolving 
sulphur  dioxide,  which  is  known  by  its  odour. 

Na2S203  + 2 II  Cl  = HgSjjOj,  4-  2NaCl 

Sodium  Hydrochloric  Thiosulphuric  Sodiwn 

thiosulphate.  acid.  acid.  chloride. 

2H2S20,  = 2H2S03  + S2 

Thiosulphuric  Sulphurous  Sulphur, 

acid.  acid. 

COMPOUNDS  OF  SULPHUR  AND 
CHLORINE. 

The  three  following  chlorides  of  sulphur  exist ; 
they  are  all  prepared  by  direct  union  of  sulphur  and 
chlorine  : — 

S2C12  Disulphur  dichloride. 

SC12  Sulphur  dichloride. 

SC14  Sulphur  tetrachloride. 

The  first  of  these  is  a clear  yellow  liquid,  its 
vapour  attacks  the  eyes ; it  is  an  excellent  solvent 
for  sulphur. 
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THE  METALLIC  ELEMENTS  AND  THEIR 
PRINCIPAL  COMPOUNDS. 

CHAPTER  I. 

CLASSIFICATION  OF  THE  ELEMENTS. 

Occurrence  of  Metals  in  Nature -General  Remarks  on  the  Pre- 
paration of  Metals  and  their  Compounds. 

It  has  already  been  noticed  that  the  non-metallic 
elements  seem  to  arrange  themselves  in  groups  or 
families.  Thus,  the  halogens  obviously  form  a group 
of  closely  related  elements,  and  it  is  found  that  in 
such  a group  there  is  a more  or  less  regular  increase 
in  the  atomic  weights  ; thus,  the  atomic  weight  of 
bromine  (80)  is  nearly  the  mean  between  the  atomic 

weights  of  chlorine  and  iodine  0 ^ ~ = 81 -2. 

2 

In  a similar  way  the  elements  carbon  and  silicon, 
oxygen  and  sulphur,  nitrogen  and  phosphorus  are 
related.  Again,  in  the  metals  we  have  the  group 
lithium,  sodium,  and  potassium ; the  continuation  of 
the  nitrogen  family,  arsenic,  antimony  and  bismuth,  • 
etc. 

In  1864  John  Newlands  pointed  out  that,  if  the 
elements  were  arranged  in  the  numerical  order  of 
their  atomic  weights,  there  was  a recurrence  of 
similar  chemical  and  physical  characters  at  every 
eighth  element  (“The  Law  of  Octaves”);  thus 
(neglecting  hydrogen)  : 
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Lithium  atomic  weight  7 

Beryllium 

> J 

„ 9 

Boron 

) j 

,,  11 

Carbon 

) j 

„ 12 

Nitrogen 

)) 

„ 14 

Oxygen 

„ 16 

Fluorine 

.,  19 

Sodium  atomic  weight  23 
Magnesium  ,,  .,  24 

Aluminium  ,,  „ 27 

Silicon  „ ,,  28 

Phosphorus  „ ,,  31 

Sulphur  „ „ 32 

Chlorine  „ „ 35-5 


Some  five  years  afterwards  this  idea  was  worked 
out  more  fully  by  Mendelejeff,  who  published  a table 
of  the  elements  arranged  according  to  his  “ Periodic 
Law,”  as  represented  on  p.  208. 

The  following  points  should  be  noticed  (i)  After 
the  first  two  octaves  (lithium  to  chlorine)  the  re- 
semblance is  most  marked  between  alternate  rather 
than  between  consecutive  octaves  ; thus,  taking  the 
second  vertical  column,  magnesium,  zinc,  and  cadmium 
forma  natural  group,  and  the  other  alternate  octaves, 
calcium,  strontium,  and  barium,  form  a second  natural 
group,  .(ii)  After  manganese  a triplet  of  metals 
occurs,  iron,  nickel,  and  cobalt,  forming  a sort  of 
supplementary  eighth  vertical  column ; the  other 
triplets  are  ruthenium,  rhodium,  and  palladium,  and 
osmium,  iridium,  and  platinum.  The  atomic  weights 
in  each  of  these  triplets  are  close  together,  thus  Fe  56 
Co  59,  Ni  59.  All  these  metals  have  high  meltino- 
points,  (iii)  The  valency  of  the  elements  (speaking 
broadly)  may  be  said  to  increase  as  we  pass  from  the 
first  to  the  seventh  column ; thus,  sodium  is  a monad 
magnesium  a dyad,  aluminium  a triad,  carbon  a 
tetrad,  nitrogen  a pentad,  sulphur  a hexad,  man- 
ganese a heptad ; the  same  fact  is  indicated  by  the 
formulae  of  the  oxides  at  the  top  of  the  table.  On  the 
other  hand,  the  compounds  with  hydrogen  show  a 
diminishing  number  of  atoms  of  hydrogen  in  the 
molecule  as  we  pass  from  left  to  right— thus  OPT 
NH3,  OH2j  C1H.  8 ^ 

Besides  the  great  theoretical  interest  of  this 


Elements  arranged  in  “ Periods  ” (Newlands  and  Mendelejefe). 
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Fc  50.  Co  59.  Ni  59 
Ru  102.  Rh  103.  Pci  106. 

Os  191.  Ir  193.  Pt  195 

VII. 

R207 

RII 
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F 19 
35-5  Cl 
M11  55 

SO  Br 
127  I 
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0 w 

O K 
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016 

32  S 

Cl-  52 

79  Se 

Mo  96 

127  Te 
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> 

O 

N 14 
31  P 

V 51 

75  As 

Nb  94 

120  Sb 

• 

Ta  1S3 

20S  Bi 

IV. 

* ■> 
O JtJ 

C 12 
2S  Si 

Ti  48 

72-5  Ge 

Zr  90 

119  Sn 
Ce  140 

207  Pb 

I— ( 

HH 

C 1 
P3 

B 11 
27  A1 

Sc  44 

69  Ga 

Y S9 

113  I11 
La  13S 

Yb  173 

204  Tl 
Th  232 

*— I 

t— 1 

W 

O | 
tf 

Be  9 
24  Mg 

Ca  40 

65-4  Z11 

Sr  87 

112  Cd 
Ba  137-4 

200  Hg 

°«  | 
C5  1 

H 1 
Li  7 
Na  23 

K 39 

63-6  Cu 
Rb  85 

10S  Ag 
Cs  133 

197  Au 
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classification,  which  is  obviously  closely  connected 
with  some  property  of  the  molecules  still  unknown 
to  us,  it  is  of  practical  use  in  several  ways. 

(i)  As  a check  on  the  atomic  weights;  thus, 
tellurium  is  an  element  which  closely  resembles 
selenium  and  sulphur,  its  old  atomic  weight  was  128, 
which  would  jdace  it  after  iodine  in  a group  to  which 
it  was  obviously  not  related ; recent  determinations 
have  reduced  the  number  to  127,  and  it  seems 
extremely  probable  that  it  has  not  yet  been  obtained 
perfectly  pure.  Again,  the  equivalent  weight  of 
indium  is  38,  and  its  atomic  weight  was  at  one  time 
believed  to  be  38  x 2 = 76,  but  as  there  is  no 
space  for  an  element  between  arsenic  and  selenium 
it  was  suggested  that  its  atomic  weight  was 
38  x 3 = 114,  which  would  place  it  in  the  column 
under  aluminium.  This  number  was  afterwards  con- 
firmed by  a determination  of  its  specific  heat. 

(ii)  It  enables  us  to  prophesy  the  existence  and 
properties,  physical  and  chemical,  of  undiscovered 
elements ; thus,  in  columns  III.  and  IV  , when  the 
table  was  first  published  the  elements  gallium  (Ga) 
and  germanium  (Ge)  were  unknown,  but  by  com- 
paring the  properties  of  aluminium  and  indium  in 
the  one  case,  and  of  silicon  and  tin  in  the  other,  an 
accurate  forecast  of  all  the  chief  properties  of  these 
elements  was  made,  which  was  completely  verified 
when  the  elements  were  isolated. 

There  seems  to  be  some  difficulty  in  finding  satis- 
factory places  for  the  recently  discovered  elements 
argon,  helium,  neon,  krypton,  etc. 

A typical  metal  such  as  silver  or  iron  has  the 
following  propert'iesr  Its  surface,  by  - polishing.  * 
acquires  what  is  well  known  as  the  metallic  lustre; 
it  is  a good  conductor  of  heat  and  electricity,  it"" is 
opaque  to  light,  very  malleable,  and  its  oxide  forms 
a base."'  Some  exceptions ' to  these  properties  are— 
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gold-leaf,  which  allows  a greenish  light  to  pass;  some 
metals,  as  antimony  and  bismuth,  are  not  malleable, 
but  are  very  brittle  ; the  higher  oxides  of  some  of 
the*  metals  form  acids,  as  manganic  acid  (H0Mn04), 
chromic  acid  (H2Cr04),  etc.  Th^element  arsenic  has 
properties  almost  exactly  halt-way  between  tnose 
*ameEaT"anH"  a non-metal  In  specific  gravity"  the 
medals  vary  from  platinum  (sp.  gr.  21-5)  to  lithium 
(sp.  gr.  0‘59);  in  fusibility,  from  platinum  melting  at 
1500°,  to  mercury,  which  solidifies  at  —38 -8°. 

The  molecules  of  zinc,  mercury,  and  cadmium 

contain  but  one  atom.  By  Raoult’s  method  of  the 

• . ” 

depression  of  the  freezing  point  (described  in  the 
Organic  Part),  using  melted  tin  as  a solvent,  it  has 
been  shown  that  the  molecules  of  nickel,  silver,  copper, 
magnesium,  lead,  bismuth,  and  calcium  are  mon- 
atomic, while  that  of  aluminium  contains  two  atoms 

(Ay. 

J8ome  metals — gold,  platinum,  bismuth,  copper, 
silver^^r^^?ovmd  native  in  the  ear£B4s  l^Eusf,-  but 

hides,  caTboRAtes,  'gfficafesd 
order  to  obtain  "the 


rom  the  ore"7^!Tier  puntying  flie  latter  'Ey 
mechanical  means,  washing,  etc.),  is  to  “roast"  it— ~ 
i.e.  to  heai;  iu  to  a red  limit  vVlth  fret?  cieibhsS  dl  an!1. 

TUTT  roa=^ 

suTjiiTI^^  the  oi^as^oxide.  ~ 


PbS  + 30  = PbO  + SO„ 


Lead 

sulphide. 


Oxygen. 


Lead 

oxide. 


Sulphur 

dioxide. 


\ ■* 

. rr 


4 The  reductiop  to  the  metallic  state  is  usually 
effected  by’  iieatiim  with"  1 1 


PbO 

Lead 

oxide 


+ c 

Carbon. 


Pb 

Lead. 


+ CO 

Carbon 

monoxide. 


fix  F CU 

' ' q . j 
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The  oxides  of  two  metals  cannot  be  reduced^^y^^ 
carbon;  these  are  magnesium  oxide  and  aluminium^ 
oxide.  In  this  case  either’  the  electric  furnace  must  /, 
be  used,  or  the  oxide  is  converted  into  chloride  and 


the  latter  decomposed  by  sodium. 


AlClo 


3Na 


l3  + 

Aluminium  Sodium, 

chloride. 


3NaCl  + A1 

Sodium  Aluminium. 


chloride. 


can  be  prepared((iWby  heating  the  metal 


Oxides^can  oe  preparea^^by  n eating 
in  air  ; tKus,'  zinc  oxide,  tin  oxide,  magnesium  oxide, 
lead" "oxide,  etc.,  can  be  formed.  ^ii^  By  heating- 
salts,  when  the  acid  radicle  re  decomposed 
thus,  by  heating 


various 
and"  ’volatilised 


barium  nitrate, 

calcium  carbonate,  aluminium  sulphate,  the  respective 
oxides  will  be  produced. 

Hydrates  or  hydroxides,  when  insoluble,  are 
usually  "obtained'  by  precipitating  a solution  of  a salt 
with  ammonium  or  potassium  hydrate. 

Sulphides  can  be  obtained  (i)f  by  fusing  the 
meT5T\vfth  sulphur  ; (ii)  by  reducing  the  sulphate  of 
the  metal  by  heating  it  witlT  carbon  ; (m) ~by  pa ssni g Q/ 
hydrogen  sulphide  (H2S)  through  a solution  of  the  ^ 
metal.  ' p 

— In  most  cases  a salt  can  be  prepared  by 
dissolving  the  carbonate  of  the  metal  in  the  proper 
acid,  filtering  or  aecantm"  the  solution  atld  evapo- 


or  decanting  the 

rating  to  the  point  of  ^crystallisation ; thus,  to  obtain 
caTcium  chloride,  dissolve  calcium  carbonate  in  hydro- 
chloric acid,  decant  the  clear  fluid  and  evaporate. 


CaC03  + 2HC1  = 

Calcium  Hydrochloric 

carbonate.  acid. 


CaCL 

A) 

Calcium 

chloride. 


+ 


co2 

Carbon 

dioxide. 


+ h2o 

Water. 


The  above  method  fails  when  the  salt  is  insoluble  ; 
the  salt  is  then  prepared  by  precipitation ; thus,  lead 
sulphate  is  formed  by  adding  dilute  sulphuric  acid  to 
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a solution  of  lead  nitrate,  when  the  sulphate  falls  as  a 
white  precipitate,  which  can  be  filtered  off,  washed, 
and  dried. 

All  nitrates  and  chlorates  are  soluble  in  water 

not  usually  glTC  a cTSSt 


mtraxtr 

solution). 

All  chlorides  are  soluble  in  water  except  Asilver.  / 
mercurous,  cuprous,  and  lead  chlorides. 

All  sulpriatefTTre"" soluble  m "wat^r  except  lead/ 
bariim^  strontium,  and  calcium  sulphates  (the  latter 
is  slightly  soluble). 


Most  carbonates  and  phosphates  (except  those  of 
sodium,  potassium,  and  ammonium)  are  insoluble  in 
water. 


In  the  description  of  the  metals  which  will  now 
be  given,  the  following  order  of  treatment  will  be 
adopted  with  each  metal  : — (i)  A description  of  the 
compounds  of  the  metal  occurring  in  nature.  (ii) 
The  preparation  of  the  metal  from  one  or  more  of  its 
natural  compounds,  together  with  the  physical  and 
chemical  properties  of  the  metal,  (iii)  The  prepara- 
tion of  all  the  important  salts  of  the  metal,  together 
with  their  principal  properties,  (iv)  The  analytical 
tests  for  the  A ^ . 

POTASSIUM.  tGi  SfaLpJb 
Symbol , K;  monad ; atomic  weight,  39. 


tests  ror  tne  m 

A- 


Natural  compounds  of  potassium.  — 

(l)  Potash  felspar  (a  double  silicate  of  aluminium 


V 

I 


and  potasslum)'Tfr,,g'i'iiiMte  rocks  is  the  original  source  » 
of  the  potassium  salts.  Plants  possess  the  property  l 
of  separating  and  assimilating  the  potash  from  rocks 
and  soils,  storing  it  up  in  their  tissues  in  the  form  of 
potassium  salts  of  organic  acids  (tartrate,  citrate, 
t malate,  etc.).  On  burning  the  wood  of  plants  these 
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fcHfjJ 


'Ik 


1 


y 

r &-< 


/ 

fl.  / 


organic  salts  are  converted  by  the  heal;  into  the  car- 
bonate of  potassium^  which  in  a somewhat  impurfe 
condition  constitutes  wood-ash  or  pearl-ash , from 
which  the  carbonate  of  "potassium  is  "extracted  by 
water,  ^ip  Saltpetre  or  nil  re  is  native  nitrate  of 
potassium  I see  page  116).  ~pii)  Carnallite  is  a double  ^ 
chloride  of  potassium  aim^  magnesium  found  in  ip 
Ftassfurt,  m Germany,  (iv)  Arc/bl  is  the  crude  i 
* / acid  tartrate  of  potassium,  orcreJm  of  tartar 
s l (KHC4H406),  found  as  a deposit  in  wine  casts.  t 

| Acid  tarffate  of  potassium  is  originally  present  in 
l solution  in  the  juice  of  the  grape  ; and  when  this 
undergoes  fermentation  in  the  preparation  of  wine, 
the  grape  sugar  becomes  converted  into  alcohol,  the 
latter  throwing  the  acid  tartrate  of  potassnha^which 
is  insoluble  in  alcohol)  out  of  solution.  The  acid 
tartrate,  carrying  down  with  it  some  of  the  colouring 
matter  of  the  grape,  constitutes  the  deposit  known  as 
argol. 

Preparation  of  tlie  metal  potassium. — 

This  metal  is  obtained  by  aistillmg  potassium  car 


ki 


bonate  with  charcoal,  or  a mixture  ot  hnfely-  divid'd^, 
iron  and  charcoal  wittT  potassium  hydrate  (Castncr5s 
process).  v 


U1 

cL. 


K2C03/ 

Potassium 

carbonate. 


2C  = 


Charcoal. 


2K 

Potassium. 


+ 3CO 


Carbon 

monoxide. 


Properties  of  tlie  metal.  — Potassium 
' ‘ metal  of  a white  colour  and  possesses  a bright  lustre 
when  a piece"  of  it  is  freshly  cut,  the  "cut  surface 
1 . rapidly  tarnishing,  however,  owing  to  the  action 
on  it  of  the  oxygen  of  the  air,  which  forms  a film  of 
potassium  oxide  ; on  account  of  this  strong  affinity  of 
potassium  for  oxygen,  the  metal  has  to  be  kept 
i ' immersed  in  mineral  naphtha,  a liquid  free  from  oxy- 
' gen,  otherwise,  if  potassium  be  kept  exposed  to  the 
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air,  it  is  soon  completely  converted  into  potassium 
oxide  (K30).  The  specific  gravity  of  potassium  is 
U * -87 5;  it  therefore  floats  when  thrown  on  the  surface 
of  water  ; at  the  same  time  it  energetically  decom- 
poses the  water,  forming  potassium ' hydrate,  ancr 
6 ► iflfef&tin^  hfle-haTT  01'  the  hydrogen.  On  account  ot 
“tTih'"  violent  cheiiliCal  action,  sufficient  heat  is  produced 
to  ignite  this  escaping  hydrogen,  which,  from  the 
presence  of  a little  potassium  in  it,  burns  with  a 
lavender-coloured  flame. 


2K  + 2H20 

Potassium.  Water. 


2KHO  + H2 

Potassium  Hydrogen, 
hydrate. 


On  sulphuric  and  hydrochloric  acids  potassium 
acts  with  explosive  violence,  forming  respectively 
potassium  sulphate  and  chloride,  and  liberating  the 
hydrogen.  It  also  forms  an  explosive  compound  with 
carbon  monoxide  K2(COj^T 

Potassium  hydrate  or  caustic  potash 
(KHO). — Prepared  Dy  boiling  together  potassium 
carbonate,  slaked  lime,  and  water,  filtering  from  the 
insoluble  calcium  carbonate  produced  and  evaporating. 


K0COo 

A o 

Potassium 

carbonate. 


+ 


Ca(HO)3 

Slaked 

lime. 


2KHO 

Potassium 

hydroxide. 


CaCOg 

Calcium 

carbonate. 


+ VQVV3 


Potassium  Salts. 

Potassium  bicarbonate  (KHC03).  — _Pre-_ 
pared  by  passing  a stream  of  carbon  dioxide  th  rough* 
ITcoTd"Sa£urated  solution  of  potassium  carbonate. 


K0CO3 

Potassium 

carbonate. 


+ 


co2 

Carbon 

dioxide. 


+ H00 

Water. 


2KHCO, 

o 

Potassium 

bicarbonate. 


The  potassium  bicarbonate  being  less  soluble  than 
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the  carbonate,  crystallises  out  as  it  is  formed.  If 
boiling  water  be  added  to  potassium  bicarbonate,  it  is 
resolved  into  the  carbonate,  with  evolution  of  carbon 
dioxide. 


2KHCO3  = k2co3  + co2  + h2o 

Potassium  Potassium  Carbon  Water. 

bicarbonate.  carbonate.  dioxide. 

It  should  not,  on  this  account,  be  dissolved  in  hot 
water. 

Potassium  acetate  (KC2H3  02).— Prepared  by 
neutralising  acetic  acid  with  potassium  carbonate. 

K2C03  + 2HC2H303  = 2KC2H302  + 

Potassium  Acetic  acid.  ' Potassium 

carbdbate.  acetate. 

co2  + h2o 

Carbon  Water. 

dioxide.  % 

Vii’-'vi-Q 

Potassium  tartrate  (2K2C4H406  + H00). — 
Prepared  by  neutralising  potassium  "Reid  tartrate 
(cream  of  tartar),  dissolved  in  boiling  water,  with 
potassium  carbonate. 


k2co3 

Potassium 

carbonate. 


+ 


21^0^03 
Potassium 
acid  tartrate. 


2Ks04H*0,  + 

Potassium 

tartrate. 


co2 

Carbon 

dioxide. 


+ 


h20 

Water. 


CoH*  1 

Potassium  citrate  (K^^ILO^  4-  H20).— Pre- 
pared by  neutralising  a solution  of  citric  acid  with 
potassium  carbonate. 


3K2C03  + 

Potassium 

carbonate. 


2HsC6H,07 

Citric  acid. 

3C02  + 

Carbon 

dioxide. 


= 2K3C6H607 

Potassium 

citrate. 

3H20 

Water. 
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Potassium  citrate  is  also  prepared  by  the  action 
of  citric  acid  on  potassium  bicarbonate. 

Potassium  sulphate  (K2S04). — Prepared  by 
neutralising  sulphuric  acid  with  potassium  carbonate. 

k3co3  + H2S04  = K2S04  + co2  + h2o 

Potassium  Sulphuric  Potassium  Carbon  Water. 

carbonate.  acid.  sulphate.  dioxide. 

Also  obtained  as  a bye-product  in  the  preparation 
of  nitric  acid  from  potassium  nitrate  and  sulphuric 
acid. 

2KN03  + H2S04  = K2S04  + 2HN03 

Potassium  Sulphuric  Potassium  Nitric 

nitrate.  acid.  sulphate.  acid. 

Potassium  nitrate  (KNOa). — Found  in  nature 
as  nitre  or  saltpetre.  It  may  be  prepared  by  neutral- 
ising nitric  acid  with  potassium  carbonate.  This  salt 
is  largely  employed  in  the  manufacture  of  gunpowder, 
which  is  a mixture  of  charcoal,  sulphur,  and  nitre • 
when  the  gunpowder  is  fired,  the  oxygen  of  the  nitre 
converts  the  charcoal  into  the  two  gaseous  oxides  of 
carbon,  carbon  monoxide  and  dioxide,  the  nitrogen  of 
the  nitre  is  set  free,  and  the  sulphur  unites  with  the 
potassium  of  the  nitre  to  form  potassium  sulphide, 
which,  blown  into  the  air  in  minute  particles,  con- 
stitutes the  smoke.  This  may  be  roughly  represented 
by  the  equation  : 

2KNOs  + S + 3C 

Nitre.  Sulphur.  Charcoal. 

2 N + 3C02 

Nitrogen.  Carbon 

dioxide. 

The  explosive  violence  is  due  to  the  suddei. 
expansion  of  the  large  volume  of  the  heated  gases 


- K2S  + 

Potassium 

sulphide. 


I f • I /f 
9^  1 %r\*  ' If  V" 
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The  temperature  produced  is  very  high — 

Potassium  nitrite  (KN03).  — If  potassium 
nitrate  be  heated  to  redness  for  some  time,  it  loses 
one- third  of  its  oxygen,  and  potassium  nitrite  is 
formed. 

Potassium  chloride  (KC1)  occurs  in  nature 
as  carnallite ; it  can  be  prepared  by  neutralising 
hydrochloric  acid  with  potassium  carbonate. 

Potassium  iodide  (KI).— This  important  salt 
is  prepared  (i)  by  saturating  a hot  solution  of  caustic 
potash  with  iodine,  by  which  means  potassium  iodide 
and  iodate  are  obtained  in  solution. 


6KHO  + 3I2  = 5KI  + KI03  + 3HqO 

Potassium  Iodine.  Potassium  Potassium  Water, 

hydrate.  iodide.  iodate. 

(ii)  The  solution  is  then  evaporated  to  dryness, 
and  the  residue  mixed  with  charcoal  and  heated, 
so  as  to  convert  the  iodate  into  iodide;  the  carbon 
abstracting  the  oxygen  from  the  iodate,  and  so  re- 
ducing it  to  the  iodide. 

2KI03  + 6C  = 2KI  + 6CO 

Potassium  Carbon.  Potassium  Carbon 

iodate.  iodide.  monoxide. 

(iii)  The  melted  mass  on  cooling  is  boiled  with 
water,  the  solution  of  potassium  iodide  is  filtered  from 
excess  of  charcoal,  evaporated  to  a low  bulk,  and  set 
aside  to  crystallise.  It  is  very  important  that  the 
iodate  of  potassium  should  be  completely  converted 
into  iodide,  as  any  acid  possesses  the  property  of 
liberating  iodine  from  a mixture  of  the  two  salts  ; 
and  since  iodide  of  potassium  is  frequently  administered 
in  medicine  in  very  large  doses,  if  it  contained  iodate 
the  hydrochloric  acid  of  the  gastric  juice  would  liberate 
iodine  from  the  two  salts  within  the  stomach,  and  so 
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the  iodine  might  be  set  free  in  poisonous  quantities. 
The  hydrochloric  acid  of  the  gastric  juice  would  first 
liberate  from  the  iodide  ancl  iodate  hydriodic  and 


iodic  acids  respectively. 
5KI  + KIO,  + 

6 IT  Cl  = 

5HI 

Potassium 

Potassium 

Hydrochloric 

Hydriodic 

iodide. 

iodate. 

acid. 

acid. 

mo3 

Iodic 

acid. 

+ 6KC1 

Potassium 

chloride. 

These  two  acids  would  then  by  their  action  on 
one  another  produce  free  iodine  and  water. 

5HI  + HIO,  = 3I2  + 3H20 

Hydriodic  Iodic  Iodine.  Water, 

acid.  acid. 


Potassium  bromide  (KBr). — This  salt  is 
prepared  in  a similar  manner  to  the  iodide,  with  the 
substitution  of  bromine  for  iodine. 

Potassium  mangauate(K2Mn04). — Prepared 
by  fusing  together  in  a crucible  caustic  potash,  potas- 
sium chlorate  and  manganese  dioxide,  and  extracting 
the  mass  with  cold  water,  when  a green  - coloured 
solution  of  potassium  manganate  is  obtained. 

6KHO  + KC103  + 3Mn02  = 3K2Mn04  + 

Potassium  Potassium  Manganese  Potassium 

hydrate.  chlorate.  dioxide.  manganate. 

KC1  + 3H20 

Potassium  Water, 

chloride. 

On  the  large  scale  the  chlorate  of  potash  is  omitted, 
and  the  oxygen  obtained  directly  from  the  air. 

MnOo  + 2KHO  + O = K2Mn04  + H20 

Manganese  Potassium  Oxygen.  Potassium  Water 

dioxide.  hydrate.  manganate. 
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This  solution  of  potassium  manganate  is  used  as  a 
disinfectant  under  tlie  name  of  Oondfls  green  fluid  j 
it  acts  partly  as  a germicide,  and  partly  by  the  readi- 
ness with  which  it  oxidises  organic  substances.  It  is 
not  employed  so  much  as  the  permanganate,  which  is 
a better  and  more  powerful  disinfectant. 

Potassium  permanganate  (KMn04). — This 
salt  is  also  known  as  the  red  manganate  of  potash, 
and  as  a disinfectant  is  largely  used  under  the  name 
of  Gondys  red  fluid.  It  is  obtained  from  the  man- 
gahaltr-byttr^ abstraction  of  one-half  of  the  potassium, 
which  can  be  effected  either  by  boiling  the  solution  of 
the  green  manganate,  or  by  passing  a stream  of  carbon 
dioxide  or  chlorine  through  it.  One-half  of  the  potas- 
sium is  removed  respectively  as  potassium  hydrate, 
carbonate  or  chloride,  some  manganese  dioxide  being 


precipitated. 

■ ■>» 

3K2Mn04 

Potassium 

manganate. 

+ 2H30 

Water. 

= 2KMn04 

Potassium 

permanganate. 

4KHO  + 

Potassium 

hydrate. 

Mn02 

Manganese 

dioxide. 

3K2Mn04 

Potassium 

manganate. 

+ 2C02 

Carbon 

dioxide. 

= 2KMn04 

Potassium 

permanganate. 

2K2C03  + 

Potassium 

carbonate. 

Mn02 

Manganese 

dioxide. 

By  evaporating  the  deep  red  solution  to  a low 
bulk  and  allowing  it  to  cool,  potassium  permanganate 
separates  in  long,  dark-red,  almost  black,  needles, 
with  somewhat  of  a metallic  lustre.  Potassium  per- 
manganate is  one  of  the  most  powerful  oxidising 
agents  known,  and  is  also  a powerful  disinfectant ; 
as  a disinfectant  it  acts  in  a similar  manner  to  the 
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manganate,  partly  by  being  a powerful  germicide,  and 
partly  by  the  readiness  with  which  it  oxidises  organic 
substances ; when  it  is  being  so  employed,  the  red 
solution  loses  its  colour,  a brown  deposit  of  manganese 
dioxide  being  produced  ; the  splitting  up  of  potassium 
permanganate  when  employed  as  a disinfectant  is 
shown  in  the  following  equation  : — 

4KMn04  + 2H20  = 4Mn02  + 

Potassium  Water.  Manganese 

permanganate.  dioxide. 

4KH0  + 302 

Potassium  Oxygen. 

hydrate. 

On  account  of  the  staining  that  would  result  from 
the  deposition  of  tfye  manganese  dioxide,  a solution  of 
potassium  permanganate  should  never  be  employed 
in  the  disinfection  of  linen  or  of  articles  of  clothing. 

Sulphurated  potash. — This  preparation,  which 
is  a mixture  of  potassium  pentasulphide  (K2S5)  and 
potassium  sulphate  (K2S04),  is  obtained  by  fusing 
together  potassium  carbonate  and  sulphur.  It  is  an 
unstable  preparation  and  was  formerly  known  as 
sliver  of  sulphur. 

Potassium  chlorate.  ( See  page  140.) 

Potassium  cyanide,  cyanatc,  ferrocyan- 
ide,  and  ferricyanide. — These  salts  will  be  de- 
scribed in  the  Organic  Chemistry  Section,  Chapter  III. 


Tests  for  Potassium. 


If  a potassium  salt,  or  a solution  of  a potassium 
saltToe  introduced  on  a loop  of  platinum  wire  into  a 
Bunsen  flame,  a characteristic  lavender  tint  will  be 
imparted  to  the^ flame.  11  a sodium  salt  be  also 

present,  the  yellow  colour  imparted  by  the  sodium  to 
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the  flame  will  entirely  mask  the  lavender  tint  produced 
by  the  potassium  salt;  but  if  such  a flame  be  viewed 
through  a piece  of  dark-blue  glass,  the  yellow  sodium 
rays  will  be  absorbed  by  the  blue  of  the  glass,  while 
the  lavender-coloured  rays  produced  by  the  potassium 
salt  will  pass  through  the  glass  unchanged. 

(n)  If  a solution  of  a potassium  salt  contained 
in  a watch-gTass  He  acidulated  with  hydrochloric 
amd,  a few  drops  of  "pl^imc~'chloricle"  added,  and 
the  mixture  well  stirred  \%itli  a gbiss~r~od,  a yellow 
crystalline  deposit  of  the  double_j^  potas- 

sium chloride  (^tCl,. 2 i^Til)  will  Le  forme^l 
snmlar  reaction  is  also  produced  with  ammonium 
salts 

fiiij  If  to  a concentrated  solution  of  a potassium 
salt  a strong  solution  of  tartaric  acid  be  added,  and 
jlie  Mixture  then  be  well  shaken  or  stirred,  a white 
granular  'brr crystalline  precipitate  of  potassium  acid 
lari  rate  (KHC^H^O^)  will  be  iormech  “ 
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CHAPTER  II. 

SODIUM LITHIUM. 

Sodium — Natural  Compounds  of  Sodium — Preparation  and  Proper- 
ties of  the  Metal  Sodium — Preparation  of  the  Sodium  Salts — 
Lebianc  process — Ammonia-Soda  process — Test  for  Sodium — 
Lithium — Natural  Compounds  of  Lithium— Prejmration  and 
Properties  of  the  Metal  Lithium  — Preparation  of  the  Lithium 
Salts — Test  for  Lithium. 

SODIUM. 


Symbol,  Na  ; monad  ; atomic  weight,  23. 


Natural  compounds  of  sodium. 


-0  Sodium 


chloride  is  the  principal  sodium  compound  occurring" 
in  nature. ; in  the  solid  form  it  occurs  as  coinmon  salt, 
or  rock-salt ; in  solution  it  is-  present  in  large  quan- 
tities in  sea-water,  (ii)  Sodium  nitrate,  known  as 
cubic  nitre  or  Chili  saltpetre,  occurs  in  immense  quan- 
tities in  South  America.  (iii)  Just  as  potassium  ^ 
salts  are  present  in  land  plants,  and  leaV^'Ttrfj'  chU\  V'* 
Eonate  wlifin  the  plants  are  burnt,  so  sodium  salts  M ^|i 
are  present  in  sea-weeds,  &ftd  left  as  sodiunf~car^~  ^ 
bonate  when  sea-weeds  are  burnt  (see  page  1 4V  ).  (iv^ 
Cryolite  is  a double  aluminium  and  sodium  fluoride 
(ATF';3NaF). 

Preparation  of  the  metal  sodium. — ThisiJk*) 

metal  is  prepared  by  a process  similar  to  ttiat 
ployed  in  the  preparation  of  potassium,  viz.  byCHir^ 
distilling  sodium  carbonate  with  charcoal,  or  a 


ture  of  finely-divided  iron  and  charcoal  with  sodium 
liydrate.  * ujj 1 

.yw 


Na- 


t2C03 

Sodium 
| carbonate. 


+ 


2C 

Carbon. 


= 2Na 

Sodium. 


+ 


3CO 

Carbon 

monoxide. 
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Most  of  the  metallic  sodium  at  the  present  timer 
is  obtained  by  decomposing,  by  means  of  a powerful 
current  of  electricity,  melted  sodium  hydrate  at  a 
'temperature  of  300°,  nickel  electrodes  being  used. 

Properties  of  the  metal. — Sodium  very  much 
resembles  potassium  in  many  of  its  properties.  It  is 
a metal  of  a silver-white  colour  and  possesses  a 
bright  lustre  when  freshly  cut,  the  cut  surface  rapidly 
tarnishing,  however,  owing  to  its  uniting  with  the 
oxygen  of  the  air  to  form  a film  of  sodium  oxide ; 
it  is  on  account  of  this  powerful  affinity  of  sodium 
for  oxygen  that  the  metal  has  to  be  kept  immersed  in 
mineral  naphtha,  a liquid  free  from  oxygen ; as  other- 
wise, if  kept  exposed  to  the  air,  it  would  become  com- 
pletely converted  into  sodium  oxide  (Na20).  Sodium 
has  a specific  gravity  of  -973,  and  therefore  floats 
when  thrown  on  water,  at  the  same  time  decomposing 
tlie  water  energetically,  forming  sodium  hydrate,  and 
liceralhfg  one-half  of  the  hydrogen  of  the  water. 

2Na  + 2H20  = 2NaIIO  + Ii0 

Sodium.  Water.  Sodium  Hydrogen. 

hydrate. 

There  is  not  as  much  heat  generated  by  the  action 
of  sodium  011  water  as  by  potassium  on  water,  and 
Therefore  during  the  action  of  sodium  on  Tvatei-  tlie 
escaping  hydrogen  is  not  ignited ; but  if  the  movements' 
0/  the  sodium  on  me  suIrFade  or  rnewater  be  restrainedT" 
as,  for  nBjUUlfih,  by  till'd  Wing  a piece  of  sodium  on  to 
mEst;  blotting-paper,  when  it  remains  fixed  in  one  spot, 
then  the  heat,  being  concentrated  at  this  one  spot,  is 
sufficiently  intense  to  ignite  the  escaping  hydrogen, 
targe  quantities  of  sodium  are  used  for  preparing 
sodium  cyanide  (for  extracting  gold)  and  sodium  per- 
oxide (used  for  bleaching). 

Sodium  oxide  (Na20).~ Prepared  by  heating 
sodium  to  180°  in  the  air  ; it  forms  a grey  solid. 
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Sodium  peroxide  (Na202).  — Prepared  by- 
heating  sodium  to  300  in  excess  of  air ; it  is  a 
kvhite  solid  and  a most  powerful  oxidising  agent. 
tWlimT 'cTissolved  in  hydrochloric  acid  it  forms  a solu- 
tion of  salt  and  peroxide  of  hydrogen,  which  is  much 
Ased  for  bleaching  straw,  etc. 

\ Sodium  hydrate  or  hydroxide  (caustic  soda). 

Prepared  by  boiling  a solution  of  sodium  carbonate 

with  solid  silked  lime  until  the  clear  liquid  ceases  to 
effervesce ; the  liquid  is  then  evaporated  till  the 
hydrate  "begins  to  volatilise,  when  it  is  poured  into 
moulds  and  cast  into  sticks.  The  reaction  should  be 
performed  in  an  iron  or  silver  dish.  The  equation  is 
quite  similar  to  that  given  under  potassium  hydrate. 

VC<\  -V-  CU  l 140)  v-  - a Iw  ^ 

Sodium  Salts.  C 

w 

Sodium  carbonate  (Na2C03).— Washing  soda 
(Na2C03  + 10H3O). — The  latter  substance  is  manu- 
factured on  an  enormous  scale  fiom  common  sah 
(Nad).  There  are  two  methods  of  manufacturing 
sodium  carbonate  on  a large  scale,  one  known  as  the 
Leblanc  process , the  other  and  more  recent  one  as  the 
ammonia-soda  process. 

Leblanc  process. — In  this  process  the  sodium  is 
furnished  by  common  salt  (NaCl),  and  the  carbonic 
radicle  by  chalk  or  limestone  (CaC03).  The  roasting 
of  these  two  substances  together  would  be  useless, 
since  even  if  sodium  carbonate  and  calcium  chloride 
were  formed,  yet  they  could  not  be  separated  from  one 
another,  for  both  being  soluble  in  water  they  would, 
on  the  addition  of  water,  react  on  one  another,  repro- 
ducing sodium  chloride  and  calcium  caibonate.  The 
object  of  the  process  is  therefore  to  finally  obtain  an 
insoluble  calcium  compound  from  which  the  sodium 
carbonate  may  be  removed  by  solution  in  water. 
This  is  effected  by  the  following  steps:— 
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jfn)  The  sodium  chloride  is  converted  into  sodium 
sulphate  by  the  action  of  strong  sulphuric  acid. 


2NaCl  + H2S04 

Sodium  Sulphuric 

chloride.  acid. 


Na2S04 

Sodium 

sulphate. 


+ 2HC1 

Hydrochloric 

acid. 


SThe  sodium  sulphate  ( salt-cake ) is  then  mixed 
lall  coal  and  crushed  limestone,  and  the  mixture 
thoroughly  heated  in  a furnace ; the  sodium  sulphate 
is  first  reduced  by  the  carbon  of  the  coal  to  sodium 
sulphide. 


Na2S04  + 4C  = Na.,S 

Sodium  Carbon, 

sulphate. 


3~  + 4CO 

Sodium  Carbon 

sulphide.  monoxide. 


Double  decomposition  then  takes  place  between  the 
sodium  sulphide  and  the  calcium  carbonate  (limestone), 
resulting  in  the  formation  of  sodium  carbonate  and 
calcium  sulphide. 


Na2S  + CaC03 

Sodium  Calcium 

sulphide.  carbonate. 


= Na2C03  + CaS 

Sodium  Calcium 

carbonate.  sulphide. 

yn)  The  melted  mass  ( black-ash ) is  boiled 
with  water  in  order  to  dissolve  out  the  sodium  car- 
bonate, the  calcium  sulphide  remaining  insoluble ; 
the  latter  is  allowed  to  deposit ; the  solution  of 
sodium  carbonate  is  poured  off  and  evaporated  until 
it  crystallises  on  cooling. 

Ammonia-soda  process  (Solvay’s  .process).  This 
consists  in  passing  carbon  dioxide  into  an  ammoniacal 
solution  of  salt  under  a pressure  of  two  atmospheres. 


C02  + 

Carbon 

dioxide. 


NHS  + 


Ammonia. 


NaCl 

Salt. 


+ 


h2o  = 

Water. 


HNaCOg  + 

Sodium 

bicarbonate. 


NH4C1 

Ammonium 

chloride. 


P 
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The  bicarbonate  being  less  soluble  than  the  salt 
separates  out  as  it  forms  • it  is  filtered  off  and  dried 
by  steam,  when  it  is  converted  into  sodium  carbonate. 

2NaTIC03  = Na2C03  + C02  -f  H20 

Sodium  Sodium  Carbon  Wo.  ter* 

bicarbonate.  ’ carbonate.  dioxide. 


The  carbon  dioxide  gas  which  is  given  off  is 
again  used,  and  the  ammonia  is  recovered  from  the 
ammonium  chloride  by  heating  with  lime. 

Sodium  carbonate,  commonly  known  as  washing- 
soda , is  largely  used  to  soften  water  for  washing 
purposes  ‘}  the  water  is  usually  first  boiled,  by  which 
means  the  temporary  hardness  is  got  rid  of  (see  page  bS), 
and  some  washing-soda  is  then  added  to  get  rid  of  the 
permanent  hardness,  which  is  mainly  due  to  calcium 
and  magnesium  sulphates  \ these  compounds  are  con- 
verted into  the  insoluble  calcium  and  magnesium 
carbonates  by  the  washing-soda. 

Sodium  bicarbonate  (NaHC03)  is  prepared 
by  passing  a stream  of  carbon  dioxide  through  a 
saturated  solution  of  sodium  carbonate,  when  the 
bicarbonate  separates  out,  on  account  of  its  lesser 
solubility. 


Na2C03 

Sodium 

carbonate. 


+ C02 

Carbon 

dioxide. 


+ H20 

Water. 


2NaHCOs 

Sodium 

bicarbonate. 


Sodium  bicarbonate,  when  employed  in  medicine, 
should  not  be  dissolved  in  hot  water,  as  it  is  converted 
by  the  heat  into  sodium  carbonate. 

2NaHC03  = Na2C03  + C02  + H20 

Sodium  Sodium  Carbon  ater. 

bicarbonate.  carbonate.  dioxide. 


Sodium  sulphate  (Na2S04  + 10H2O).— This 
salt,  a saline  purgative,  is  known  as  Glauber's  salt. 
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It  is  prepared  either  by  neutralising  sulphuric  acid 
with  sodium  carbonate,  or  as  a by-product  in  the 
preparation  ^o^Jhydrochloric  acid  from  common  salt 
anct  sulpnuric  acidT"""""""""""1""1 


Na0COn 

Aj  0 

Sodium 

carbonate. 

4~  H0S04 

Sulphuric 

acid. 

= Na2S04 

Sodium 

sulphate. 

co2 

Carbon 

dioxide. 

+ h2o  + 

Water. 

2NaCl 

Sodium 

chloride. 

+ h2so4 

Sulphuric 

acid. 

= JSTa3S04 

Sodium 

sulphate. 

+ 2HC1 

Hydrochloric 

acid. 

Sodium  phosphate  (Na2HP04  + 12H30)  is 
prepared  by  partially  saturating  phosphoric  acid  with 
caustic  soda.  Tliis  s|d_t,  although  an  acid  phosphate- - 
^^constitution,  is  yet  alkaline  to  test-paper.  Another 
sodium  phosphate  (NaH2POt),  which  can  be  prepared 
by  only  one-third  neutralising  phosphoric  acid  with 
caustic  soda,  is  acid  to  test-paper. 

Sodium  ammonium  hydrogen  phosphate 
!(Wor  mlcrocosmie  salt  _l  4IT 

prepared  by  mixing  boiling  solutions  of  sodium  phos- 
phate  and  ammonium  chloride. 


Na2HP04  + NH4C1  = 

Sodium  Ammonium 

phosphate.  chloride. 


NaNH4HP04  + NaCl 

Microcosmic  Sodium 

salt.  chloride. 


It  is  used  in  blowpipe  tests,  as  it  yields,  when 
heated,  a transparent  bead  of  sodium  metaphosphate. 

NaNH4HP04  = NaPO.,  + NH,  + H.,0 

Microcosmic  Sodium  Ammonia.  Water 

salt.  metaphosphate. 


Sodium  suseniate  (Na,HAs04)  is  prepared 
by  fusing  together  arsenious  oxide  (white  arsenic), 
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sodium  carbonate,  and  sodium  nitrate,  and  dissolving 
the  mass  in  water. 


ASoOg  + Na2C03  + 

Arsenious  Sodium 

oxide.  carbonate. 


2NaN03  == 

Sodium 

nitrate. 


Na4A.So07 

Sodium 

pyroarseniate. 


+ co2 

Carbon 

dioxtde. 


+ ^203 

Nitrogen 

trioxide. 


Na4As207  -H  H20 

Sodium  W ater . 

pyroarseniate. 


2Na2HAs04 

Sodium 

arseniate. 


Sodium  liypopliospliite  (NaPH202  + H20) 
is  prepared  either  by  boiling  phosphorus  with  solution 
of  caustic  soda  ( see  page  181),  or  by  decomposing  a 
solution  of  calcium  hypophosphite  with  sodium  car- 
bonate, when  calcium  carbonate  is  precipitated  and 
sodium  hypophosphite  remains  in  solution. 


Ca(PH202)3  4-  Na,C03 

Calcium  Sodium 

hypophosphite.  carbonate. 


2NaPH,03  + CaC03 

Sodium  Calcium 

hypophosphite.  carbonate 


Sodium  iodide  (Nal)  and  sodium  bromide 

(NaBr). These  salts  are  prepared  in  similar  ways  to 

the  corresponding  potassium  salts,  substituting  caustic 
soda  for  caustic  potash  (see  pages  21 7,. 2 18). 

Sodium  acetate  (NaC2H302)  is  prepared  by 
neutralising  acetic  acid  with  sodium  carbonate. 

2HC0HoOq  + Na2C03  = 2NaC8H808  + 

Acetic  acid.  * Sodium  Sodium  acetate. 

carbonate. 


C02  + 

Carbon 

dioxide. 


H„0 

Water. 
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Sodium  potassium  tartrate  (KNaC4H40g-f 
4H30). — This  salt,  which  is  largely  used  as  a saline 
purgative,  is  known  as  Rnr.\p.ll,p.  uniter  it  is  prepared 
by  neutralising  a hot  soTotioii  of  potassium  acid  tar- 
trate (cream  of  tartar)  with  sodium  carbonate. 

2KHC4H406  + JSTa2C03  = 2KNaC4H406  + 

Potassium  acid  Sodium  Sodium  potassium 

tartrate.  carbonate.  tartrate. 

co2  + h2o 

Carbon  Water, 

dioxide. 


This  salt  constitutes  the  main  ingredient  of  a 
Seidlitz  powder , the  blue  packet  of  which  contains  a 
mixture  of  Rochelle  salt  and  sodium  bicarbonate, 
whilst  the  white  packet  contains  tartaric  acid  ; the 
contents  of  the  blue  packet  are  first  dissolved  in 
water,  and  then  the  contents  of  the  white  packet 
added  ; the  sodium  bicarbonate  is  neutralised  by  the 
tartaric  acid,  with  formation  of  sodium  tartrate  and 
copious  effervescence  of  carbon  dioxide  gas. 


Vu 


2NaHCOs 

Sodium 

bicarbonate. 


+ H2C4H406  = Ra2C4H406 

Tartaric  acid.  Sodium 

tartrate. 

2C02  + 2H20 

Carbon  Water, 

dioxide. 


+ 


But  as  the  white  packet  contains  a slight  excess 
of  tartaric  acid  over  and  above  what  is  required  to 
neutralise  the  bicarbonate,  this  slight  excess  of  acid 
will  convert  a small  portion  of  the  sodium  tartrate 
into  the  acid  tartrate,  which  will  then  give  an  agree- 
able acidity  to  the  draught. 


Na2C4H406  + H2C4H406 

Sodium  Tartaric  acid, 

tartrate. 


2NaHC4H406 

Sodium  acid 
tartrate. 
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So  that  when  the  contents  of  the  two  packets  con- 
stituting the  “ seidlitz  powder”  are  mixed  in  water, 
three  salts,  all  of  them  saline  purgatives,  are  con- 
tained in  the  draught,  viz.  sodium  potassium  tartrate 
(Rochelle  salt),  sodium  tartrate,  and  sodium  acid 
tartrate. 

Sodium  citro  - tartrate.  — This  effervescing 
preparation,  known  as  the  effervescing  citro-tartrate 
of  socla,  is  prepared  by  mixing  together  in  the  solid 
state,  sodium  bicarbonate,  citric  acid,  tartaric  acid, 
and  sugar,  and  then  carefully  heating  the  mass  until 
it  becomes  granular.  When  the  granules  are  dissolved 
in  water,  effervescence  takes  place,  with  the  production 
of  sodium  citro-tartrate. 

Sodium  hypochlorite.  (See  page  139.) 

Sodium  thiosulphate  or  hyposulphite. 
(See  page  203.) 

Sodium  horate.  (See  page  170.) 


Test  for  Sodium. 


If  a fragment  of  a sodium  salt,  or  some  solution 
of  a sodium  salt,  be  introduced,  on  a loop  of  platinum 
wire,  into  a Bunsen  flame,  an  intense  yellow  colour 
f-  will  be  communicated  to  the  flame  ; this  test  will  be 
rendered  all  the  more  trustworthy  by  observing  the 
effect  of  the  yellow-coloured  sodium  flame  upon  the 
skin~oll  the  band  when  held  near  the  flame,  the  skin 
then  appearing  of  a ghastly  livid  coloui~ 


LITHIUM. 


Symbol , Li ; monad ; atomic  weight , 7. 

Natural  compounds  of  lit liinses. — Lithium 

occurs  in  the  minerals  lepidolite  and  petal ite,  and  is 
also  found  in  minute  quantities  in  numerous  mineral 
springs. 
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Lithium  Salts. 


mi 


le  metal  O 


Preparation  and  properties  of 

lithium. — Lithium  can  be  prepared  by  electrolysis 
of  its  fused  chloride ; the  metal  depositing  on  the 
negative  pole  and  chlorine  being  liberated  at  the 
positive  pole.  Lithium  is  the  lightest  solid  known 

metal^ 


(specific  gravity,  '59);  it  is  a silver-white 
harder  than  potassium  or  sodium,  but  oxidising  less 
easily  than  those  metals ; its  cut  surface,  however, 
soon  tarnishes  from  absorption  of  oxygen  and  forma- 
tion of  lithium  oxide,  it  is  therefore  kept  in  mineral 
naphtha.  Like  potassium  and  sodium,  it  decomposes 
water  when  thrown  upon  it,  with  the  formation  of 
"lithium  hydrate  and  hydrogen,  but  the  escaping 
hydrogen  is  not  inflamed. 


Lithium  Salts. 

Lithium  carbonate  (Li2C03)  is  prepared  from 
lepidolite , a double  fluoride  of  potassium  and  lithium 
with  silicate  of  aluminium,  by  decomposing  it  with 
sulphuric  acid  to  form  the  three  soluble  sulphates  of 
potassium,  lithium,  and  aluminium,  adding  ammonia 
to  precipitate  the  aluminium,  filtering,  evaporating  to 
dryness,  igniting  the  residue  to  expel  ammonium  salts, 
dissolving  the  potassium  and  lithium  sulphates  in  a 
small  quantity  of  water,  and  adding  potassium  car- 
bonate to  precipitate  the  carbonate  of  lithium. 

Lithium  bicarbonate  (LiHC03)  is  prepared 
by  suspending  lithium  carbonate  in  water,  and  passing 
carbon  dioxide  gas,  when  the  bicarbonate  is  formed 
and  dissolves  in  the  water. 

Li3COs  + C02  + H20  = 2LiHC03 

Lithium  Carbon  Water.  Lithium 

carbonate.  dioxide.  bicarbonate. 

This  is  the  salt  that  is  present  in  lithia  water 
( Liquor  lithice  effervescens). 
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Lithium  citrate  (Li3C6H507)  is  prepared  by 
neutralising  a solution  of  citric  acid  with  lithium 
carbonate. 


3Li2C03 

Lithium 

carbonate. 


+ 


2H,C6H507 

Citric  acid. 


2Li,C6H507 

Lithium  citrate. 


4* 


3C02 

Carbon 

dioxide. 


+ 


3H20 

Water. 


Test  for  Lithium. 


Lithium  salts  impart  a magnificent  crimson  colour 
to  the  Bunsen  fiame,  when  introduced  niter  the  flame 
bn  a-Ioop“6T  platinum  wire ; the  colour  is  lendeied- 
'more  intense  by  previously  moistening  the  wire  wilh- 
hyHrochloric  acid,  so  as  to  form  lithium  chloride.' 
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CHAPTER  III. 

CALCIUM — BARIUM STRONTIUM. 

Calcium — Natural  Compounds  of  Calcium — Preparation  of  tho 
Calcium  Salts —Mortars  and  Cements — Tests  for  Calcium- 
Barium—  Natural  Compounds  of  Barium— Preparation  of  the 
Barium  Salts— Tests  for  Barium— Strontium. 

CALCIUM. 

* 

Symbol , Ca ; dyad ; atomic  weight , 40;  specific 

gravity , U85. 

Natural  compounds  of  calcium  — (i)  The 

chief  calcium  compound  found  in  nature  is  the  car- 
bonate, which  occurs  in  a variety  of  forms ; in  a pure 
crystalline  form  it  occurs  as  Iceland  spar  and  calc 
spar ; in  less  pure  forms  it  constitutes  marble , chalk , 
limestone , oolite , and  coral ; the  shells  of  mollusca  and 
the  egg-shells  of  birds  consist  mainly  of  calcium  car- 
bonate; stalactit  s consist  of  a porous  form  of  calcium 
carbonate,  produced  by  the  evaporation  of  hard  water 
containing  the  calcium  bicarbonate  in  solution  ; they 
are  found  hanging  from  the  roofs  of  limestone  caves, 
(ii)  Calcium  sulphate  occurs  in  nature  as  alabaster, 
used  as  an  ornamental  stone  ; as  selenite , which  is 
found  in  transparent  plates,  and  is  used  for  optical 
purposes  ; and  as  gypsum , a form  of  calcium  sulphate 
containing  water  of  crystallisation  (0aS04,2Ho0).  By 
heating  gypsum  for  some  time  at  130°  to  140°  the 
water  of  crystallisation  is  partly  expelled,  and  commer- 
cial plaster  of  Paris  is  obtained  ; this,  if  mixed  with 
sufficient  water  to  form  a paste,  sets  to  a solid  in  a 
short  time,  due  to  the  plaster  of  Paris  (CaSOJ  uniting 
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with  the  water  to  form  gypsum  (CaS04,  2H20),  a 
body  in  which  the  water  is  in  the  solid  state.  Plaster 
of  Paris  is  largely  employed  in  this  way  as  a cement, 
and  by  the  surgeon  to  form  a rigid  casing  for  fractured 
limbs,  etc.  (iii)  Calcium  fluoride  is  native  fluor-spar. 
(iv)  Calcium  phosphate  is  the  principal  constituent  of 
the  minerals  apatite  and  phosphorite.  (v)  Calcium 
silicate  is  a constituent  of  many  rocks. 

Preparation  and  properties  of  tlie  mefal 
^calcium. — This  is  a rare  metal ; it  may  be  prepared 
by  the  electrolysis  of  fused  calcium  iodide,  the  calcium 
' being  deposited  upon  the  negative  pole.  Moissan 
i has  recently  obtained  it  pure  by  crystallising  the 
metal  from  sodium,  and  then  dissolving  the  sodium 
by  alcohol ; it  is  a white  metal,  melting  at  76°,  rathei 
harder  than  lead  ; it  decomposes  water. 

Calcium  oxide  or  lime  (CaO)  is  prepared  by 
heating  limestone  (calcium  carbonate)  until  all  the 
carbon  dioxide  is  expelled. 

CaC03  = CaO  + C02 

Calcium  Lime.  Carbon 

carbonate.  dioxide. 

The  manufacture  of  lime,  or  quicklime  as  it  is 
commonly  called,  is  carried  on  in  specially  constructed 
furnaces  called  lime-kilns.  Fig.  22  represents  such 
a kiln,  which  is  constructed  of  fire-bricks,  and  is  filled 
with  pieces  of  limestone  (a).  A fire  is  kept  up  at 
the  side  (b),  and  the  lime  is  raked  out  from  the 
bottom  of  the  kiln  (c)  as  it  is  produced,  fresh  lime- 
stone being  introduced  at  the  top  to  supply  its  place. 

Calcium  liydrate  or  slaked  lime  (Ca(HO)2) 
is  prepared  by  the  addition  of  water  to  lumps  of 

quicklime,  when  considerable  heat  is  produced,  due 
partly  to  the  chemical  action  taking  place  between 
the  quicklime  and  the  water,  and  partly  to  the  con- 
version of  the  latent  heat  of  the  water  into  sensible 
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Lime . 
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heat,  as  the  water  passes  from  the  liquid  state  into 
the  solid  state  in  which  it  exists  in  calcium  hydrate 

CaO  + HoO  = Ca(HO)o 

Quicklime.  Water.  Slaked  lime. 

Lime-water  ( Liquor  calcis,  B.  P.)  is  a saturated 
solution  of  slaked  lime  in  water,  each  pint  containing 


Fig.  22.— Section  of  Lime-Kiln. 


about  13  grains  of  calcium  hydrate  in  solution; 
calcium  hydrate  is  much  more  soluble  in  an  aqueous 
solution  of  sugar,  and  such  a solution  is  the  saccharated 
lime  water  ( Liquor  calcis  saccharatus , B.  P.),  which 
contains  about  14  times  as  much  slaked  lime  as 
ordinary  lime-water.  If  lime-water  be  exposed  to 
the  air  it  soon  diminishes  in  strength,  owing  to  the 
absorption  of  carbon  dioxide  from  the  air,  and  con- 
sequent precipitation  of  calcium  carbonate. 

Slaked  lime  is  largely  employed  in  the  preparation 
of  mortar , which  consists  of  slaked  lime,  sand,  and 
water  mixed  so  as  to  form  a paste;  the  “ setting”  of 


236 


Chemistry. 


[Part  III. 


ordinary  mortar  is  due  to  a slow  combination  of  the 
carbon  dioxide  with  the  slaked  lime. 

Ca(HO)3  + C02  = CaC03  + H20 

Slaked  Carbon  Calcium  Water, 

lime.  dioxide.  carbonate. 


It  will  be  noticed  that  water  is  evolved  in  this 
reaction,  this  accounts  for  the  persistent  dampness  of 
newly-built  houses  in  which  mortar  is  “ setting.” 
Hydraulic  mortars  or  cements  are  preparations  which, 
when  mixed  with  water,  solidify,  and  then  continue 
to  harden  under  water,  until  they  assume  a stone-like 
hardness ; such  are  Roman  cement  and  Portland 
cement , which  are  obtained  by  calcining  a mixture  of 
limestone  and  clay  ; on  mixing  the  cement  with  water, 
compounds  of  lime,  alumina,  and  silica  are  produced 
in  addition  to  the  calcium  carbonate,  which  set  to  a 
hard  mass  impervious  to  water.  Concrete  consists  of 
hydraulic  cement  mixed  with  gravel  or  crushed 
pebbles. 


Calcium  Salts. 


Calcium  chloride  (CaCb  -f  6H20)  is  prepared 
by  dissolving  chalk  or  marble  (calcium  carbonate)  in 
hydrochloric  acid  and  evap  rating  the  solution. 


CaCOo  + 2HC1  = CaCl3  + C02  + H20 

Calcium  Hydrochloric  Calcium  Carbon  Water, 

carbonate.  acid.  chloride.  dioxide. 


Calcium  chloride,  when  heated  to  200°,  loses  4 
molecules  of  water  of  crystallisation,  forming  a porous 
mass  known  as  “fused  chloride  of  calcium.”  This  is 
one  of  the  most  hygroscopic  bodies  known  ; if  exposed 
to  the  air  for  a short  time  it  becomes  liquid,  owing  to 
its  absorbing  sufficient  water  from  the  air  to  dissolve 
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in;  on  account  of  its  hygroscopic  properties  it  is 
frequently  employed  to  dry  gases. 

Calcium  carbonate  (CaC03). — This  compound, 
as  previously  mentioned,  occurs  native  in  several 
forms.  As  'precipitated  carbonate  of  lime , it  is  prepared 
by  precipitating  a solution  of  calcium  chloride  with  a 
solution  of  sodium  carbonate. 


CaCl3  + Na3C03 

Calcium  Sodium 

chloride.  carbonate. 


CaC03  + 2NaCl 

Calcium  Sodium 

carbonate.  chloride. 


Prepared  chalk  is  merely  washed  chalk  that  has 
been  worked  into  small  conical  lumps  and  then  dried ; 
if  washed  chalk  be  made  into  larger  rolls  it  constitutes 

whiting.  ^ , 

Calcium  phosphate  (Ca3(P04)2)  is  prepared 

by  digesting  bone-ash  (impure  calcium  phosphate)  in 
hydrochloric  acid,  by  which  means  the  insoluble 
calcium  phosphate  is  converted  into  the  soluble  cal- 
cium superphosphate  or  acid  phosphate  and  calcium 
chloride. 


Ca3(P04)3 

Calcium 

phosphate. 


- 4HC1 

Hydrochloric 

acid. 


CaH4(P04)2 

Calcium 
acid  phosphate. 


+ 2CaCl2 

Calcium 

chloride. 


This  acid  solution  is  then  filtered  from  insoluble 
matter,  and  ammonia  added  to  precipitate  the  pure 
calcium  phosphate. 


CaH4(P04)3  + 

Calcium 
acid  phosphate. 

Ca3(P04)2 

Calcium 

phosphate. 


2CaCl3  + 

Calcium 

chloride. 

+ 4NH401 

Ammonium 

chloride. 


4NH4HO  = 

Ammonium 
hy  urate. 

+ 4H20 

Water. 


{See  page  181.) 


Calcium  liypophospliitc. 
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Calcium  sulphide  (CaS)  is  prepared  by  heat- 
ing lime  in  a stream  of  sulphuretted  hydrogen  gas, — 

CaO  + H3S  = CaS  + HoO 

Calcium  Sulphuretted  Calcium  Water; 

oxide.  hydrogen.  sulphide. 

or  by  heating  a mixture  of  calcium  sulphate  and 
charcoal,  the  latter  reducing  the  sulphate  to  sulphide, — 

CaS04  + 4C  = CaS  + 4CO 

Calcium  Carbon.  Calcium  Carbon 

sulphate.  sulphide.  monoxide. 

If  calcium  sulphide  be  exposed  to  light,  it  is  after- 
wards for  some  time  phosphorescent  in  the  dark.  It 
is  the  chief  constituent  of  Balmain's  luminous  paint. 
If  treated  with  an  acid,  such  as  hydrochloric  acid, 
sulphuretted  hydrogen  gas  is  evolved,  and  in  this  way 
is  obtained  in  a very  pure  state,  such  as  is  required  in 
toxicological  investigations. 

CaS  + 2HC1  = CaCl3  + H3S 

Calcium  Hydrochloric  Calcium  Sulphuretted 
sulphide.  acid.  chloride.  hydrogen. 

Chlorinated  lime,  or  bleaching:  powdei 

(see  page  138). 

Tests  for  Calcium. 

(i)  Ammonium  oxalate  or  carbonate  gives,  with  a 
solution  of  a calcium  salt,  a white  precipitate  of 
calcium  oxalate  or  carbonate  ; the  oxalate  is  insoluble 
in  acetic  acid,  but  soluble  in  hydrochloric  acid;  the 
carbonate  dissolves  in  both  acids. 

(ii)  If  a calcium  salt  be  introduced  into  the 
Bunsen  flame,  on  a piece  of  platinum  wire  previously 
moistened  with  hydrochloric  acid,  an  orange  red 
colour  is  communicated  to  the  flame. 
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BARIUM. 

Symbol,  Ba ; dyad;  atomic  weight,  137 '4. 

, The  salts  of  barium  have  a high  specific  gravity  ; 
hence  the  derivation  of  the  name  from  fiapvg,  heavy  ; 
they  are  poisonous,  the  antidote  is  sodium  or  magne- 
sium sulphate.' 

Natural  compounds  of  barium.  — (i) 

Witlierite  is  the  native  carbonate  of  barium,  (ii) 
Heavy  spar  is  the  native  sulphate  of  barium. 

Preparatiost  and  properties  of  the  metal 
barium. — Barium  is  said  to  have  been  prepared  in 
a similar  manner  to  calcium,  by  electrolysis  of  the 
'fused  chloride.  It  is  of  a pale  yellow  colour,  and 
possesses  very  similar  properties  to  those  of  calcium. 

Barium  oxide  or  baryta  (BaO). — This  oxide 
is  most  conveniently  prepared  b^  heating  the  nitrate, 

2Ba(N03)3  ^ 2 BaO  + 4N03  + 00 

Barium  ~ Barium  Nitrogen  Oxygen 

[nitrate  oxide.  tetroxidc 


When  water  is  added  to  barium  oxide,  evolution  of 
heat  takes  place,  and  barium  hydrate  or  slaked  baryta 
(Ba(HO)3)  is  produced,  the  reaction  being  similar  to 
that  which  occurs  during  the  slaking  of  lime.  Barium 
forms  a crystalline  hydrate  (BafHOh  4- 
which  is  much  more  soluble  in  water  than  calcium 

wn  as  baryta  water,  and, 


hydrate  ; its  l _ 

Tike'Tifiie-water,  if  exposed  to  the  air  it  absorbs  carbon 


dioxide,  producing  a white  deposit  of  barium  car- 
bonate. 

Barium  dioxide,  or  barium  peroxide 

(Ba02). — This  oxide  is  prepared  by  heating  barvtu  to 
a dull  red  heat  in  a stream  of  air  or  oxygen. 


2 BaO  -f-  03  = 2BaO0 

Baryta.  Oxygen.  Barium  dioxide 
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If  the  higher  oxide  be  further  heated  it  is  converted 
into  the  lower  oxide,  with  evolution  of  oxygen  ; in  this 
way  pure  oxygen  may  be  obtained  from  the  air  {see 
page  75).  Barium  dioxide  is  also  employed  in  the 
preparation  of  hydrogen  dioxide  ( see  page  92).fl*i>v  t £ 

Barium  Salts. 

« 

Barium  nitrate  (Ba(N03)2)  is  prepared  either 
by  dissolving  the  carbonate  in  nitric  acid,  or  by 
reducing  the  sulphate  to  sulphide  by  heating  with 
charcoal,  and  then  dissolving  the  sulphide  in  nitric 
acid. 

Barium  chloride  (BaCl3  + 2H,0)  is  prepared 
by  processes  similar  to  those  used  for  obtaining  the 
nitrate,  with  the  substitution  of  hydrochloric  for  nitric 
acid. 

Tests  for  Barium. 

1 ((])  Barium  salts  give,  with  calcium  sulphate 

f ‘ solution,  an  immediate,  white  precipitate  of  barium 
sulphate,  whicli  is  insoluble  in  either  hydrochloric  or 
, nitric  acids. 

(11)  Solution  of  potassium  chromate  gives  a 
yellow  precipitate  of  barium  chromate  with  barium 
salts  ; this  precipitate  is  insoluble  in  acetic  acid,  but 
is  soluble  in  either  hydrochloric  or  nitric  acids. 

fiji\  If  a barium  salt  be  introduced  into  the 
Bunsen  flame,  on  a piece  of  platinum  wire  previously 
. moistened  with  hydrochloric  acid,  a yellowish-green 
f colour  is  communicated  to  the  flame. 

STRONTIUM. 

Symbol,  Sr;  dyad ; atomic  iceight,  87 '6. 

Strontium  occurs  in  nature  as  the  carbonate 
strontiauite,  and  as  the  sulphate  celestiue.  The  salts 


Chap.  1 1 1.l 


Test  for  Strontium. 


241 


of  strontium  are  not  of  any  medical  importance ; they 
are  prepared  by  processes  similar  to  those  employed 
in  tEe  manufacture  of  the  calcium  and  barium  salts. 

Strontium  hydrate  is  used  in  sugar  refiningT~ 

Test  for  Strontium. 

Strontium  salts  when  introduced  into  the  Bunsen 
flame  on  a piece  of  platinum  wire  previously  moistened 
with  hydrochloric  acid,  communicate  a beautiful  crini-  /( 
son  colour  to  the  flame.  The  nitrate  and  chlorate  are' 
on  this  account  largely  employed  by  firework  manu- 
facturers. 
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CHAPTER  IV. 

MAGNESIUM — ZINC — CADMIUM — MERCURY. 

Magnesium— Natural  Compounds  of  Magnesium— Preparation  and 
Properties  of  the  Metal  Magnesium— Preparation  of  the 
Magnesium  Salts  — Test  for  Magnesium  ZAnc— Natural 
Compounds  of  Zinc— Preparation  and  Properties  of  the  Metal 
Zinc — Preparation  of  the  Zinc  Salts — Tests  for  Zinc  Cadmiiim 

Mercury — Occurrence  inNature — Preparation  and  Properties 

of  the  Metal  Mercury  -Action  of  Acids  on  Mercury— Prepara- 
tion of  the  Mercurous  and  Mercuric  Salts— Tests  for  Mercury  — 
Distinguishing  Tests  between  Mercurous  and  Mercuric  Salts— 
Points  of  Resemblance  between  the  Metals  in  this  group. 


Symbol,  Mg;  dyad;  atomic  weight,  24*3;  specific 


Natural  compounds  of  magnesium.— 

(i)  The  carbonate  occurs  in  nature  in  a fairly  pure 
form  as  magnesite  (MgCOg),  and  as  a double  carbonate 
of  magnesium  and  calcium  in  dolomite,  (ii)  Magnesium 
sulphate  is  found  in  certain  mineral  spring  waters  ; 
in  Epsom  spring  waters,  in  England  ; in  Friedrich- 

i n i 1 n rtvsTT  • nr»^  in  TT nn\7orli  .TtlnOQ 


nesium  silicate  ; meerschaum  is  a hydrated  magnesium 
silicate;  asbestos  is  a double  silicate  of  magnesium 
and  calcium.  * 

Preparation  and  properties  of  the  metal 
magnesium.— Magnesium  is  prepared  by  heating 
in  a crucible  a mixture  of  magnesium  chloride  and  the 
metal  sodium,  when  the  latter  abstracts  the  chlorine, 
forming  sodium  chloride,  and  tbe  metal  magnesium 


MAGNESIUM. 


gravity , 1*75. 
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sinks  to  the  bottom  of  the  crucible.  Magnesium  is 
made  into  ribbon  or  wire  for  burning  purposes,  in 
order  to  produce  the  powerful  light  known  as  the 
magnesium  light.  When  burnt,  it  produces  a white 
ash  of  magnesium  oxide,  or  magnesia ; it  melts  at 
633°. 

Magnesium  oxide  or  magnesia  (MgO). — 
This  is  obtained  by  heating  the  basic  magnesium 
carbonate. 

3MgC03,  Mg(HO)3  = 4-MgO  + 3C03  + H30 

Basic  magnesium  Magnesium  Carbon  Water, 

carbonate.  oxide.  dioxide. 

There  are  two  varieties  of  the  oxide,  light  magnesia 
and  heavy  magnesia ; they  are  respectively  prepared 
by  the  action  of  heat  on  the  light  and  heavy  car- 
bonates. The  old  name  for  these  preparations  was 
“ calcined  magnesia.” 

Magnesium  Salts. 

Magnesium  ‘ sulphate  (MgS04  -f  7H30), 

commonly  known  as  Epsom  salts , on  account  of  its 
natural  occurrence  in  Epsom  spring  waters,  is  pre- 
pared by  dissolving  the  native  magnesium  carbonate 
in  diluted  sulphuric  acid,  concentrating  the  liquor, 
and  allowing  the  salt  to  crystallise  out. 

MgCOs  + H3S04  = MgS04  + C03  + H30 

Magnesium  Sulphuric  Magnesium  Carbon  Water, 

carbonate.  acid.  sulphate.  dioxide. 

Epsom  salts  resemble  remarkably  in  their  crystal- 
line appearance  the  crystals  of  zinc  sulphate,  and  also 
to  a certain  extent  the  crystals  of  oxalic  acid,  both  of 
which  poisonous  materials  have  been  mistaken  for 
Epsom  salts.  From  zinc  sulphate,  Epsom  salts  may 
be  distinguished  by  its  solution  yielding  no  precipitate. 
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either  with  ammonium  sulphide,  or  with  potassium 
ferrocyanide,  whereas  zinc  sulphate  yields  a white 
precipitate  with  both  reagents  \ from  oxalic  acid, 
Epsom  salts  may  be  distinguished  by  being  neutral 
to  test-paper,  whereas  the  former  is  strongly  acid. 
Oxalic  acid,  when  heated  on  a knife  blade  or  platinum 
foil,  leaves  no  residue ; both  zinc  sulphate  and  mag- 
nesium sulphate  leave,  when  heated  strongly,  an 
infusible  residue  of  their  respective  oxides. 

Magnesium  carbonate  (3MgC03,  Mg(HO)2). 
— The  normal  magnesium  carbonate  (MgCOs)  occurs 
native  in  magnesite  and  dolomite  ; the  carbonate  that 
is  used  in  medicine,  and  which  is  obtained  by  precipita- 
tion, is  a basic  carbonate,  consisting  of  three  mole- 
cules of  the  carbonate  to  one  of  the  hydrate.  It  is 
prepared  by  mixing  solutions  of  magnesium  sulphate 
and  sodium  carbonate,  when  it  is  thrown  down  as  a 
white  precipitate. 


4MgS04  + 4Na2C03  + H20  = 

Magnesium  Sodium  Water 

sulphate.  carbonate. 


3MgC03,  Mg(HO), 

Magnesium  carbonate. 


m 

+ 4Na,SO„  + C02 

SodiuA  Carbon 

sulphate.  dioxide. 


There  are  two  forms  of  magnesium  carbonate 
employed  in  medicine,  the  light  carbonate  and  the 
heavy  carbonate.  The  former,  which  is  a very  fine 
and  light  precipitate,  is  prepared  by  mixing  somewhat 
diluted  and  cold  solutions  of  magnesium  sulphate  and 
sodium  carbonate  j the  latter,  which  is  a dense  and 
more  compact  precipitate,  is  prepared  by  mixing 
strong  and  hot  solutions  of  the  same  salts. 

Magnesium  bicarbonate  (Mg(ITC03)2). 
This  soluble  salt  is  contained  in  fluid  magnesia 
( Liquor  magnesii  carbonatis,  B.  P.)j  it  is  prepared  by 
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passing  a stream  of  carbon  dioxide  gas  through  water 
in  which  magnesium  carbonate  is  suspended. 

3MgC03,  Mg(HO)3  + 5C02  + 3H20  = 

Basic  magnesium  Carbon  Water, 

carbonate.  dioxide. 

4Mg(HCOs)3 

Magnesium 

bicarbonate. 

If  this  solution  be  heated,  carbon  dioxide  is 
evolved,  and  the  magnesium  carbonate  is  deposited. 

Magnesium  citrate  (Mga(C6H507)2).  — This 
salt  is  contained  in  the  Liquor  magnesii  citratis, 
which  is  prepared  by  dissolving  the  basic  carbonate 
in  solution  of  citric  acid.  “ Effervescing  citrate  of 
magnesia”  is  a granular  preparation  largely  used  as  / 
a mild  saline  purgative,  and  effervescing  when  mixed  ~ * 
with  water  ; it  consists  of  sodium  bicarbonate,  citric  y / 
and  tartaric  acids,  magnesium  carbonate  or  sulphate,  / 
and  sugar.  Many  specimens,  however,  contain  no 
magnesium  salt. 

Test  for  Magnesium.  \ 

The  presence  of  magnesium  can  only  be  proved 
afterTFTe  removal  ol  the  other  alkaline  earth  metal's^ 
viz,  calcium,  barium,  and  strontium  ; these  metals 
are  precipitated  by  ammonium  carbonate  in  presence 
of  ammonium  chloride^  whereas,  under  such  con- 
clitions,  magnesium  is  not  precipitated,  the  ammonium 
chloride  keeping  the  magnesium  carbonate  in  solution. 

To  test  for  magnesium,  it  is  therefore  necessary  to  add 
to  the  solution  ammonium  chloride  and  ammonium 
carbonate,  and  warm ; if  calcium,  barium,  or  stron- 
tium are  present,  they  will  be  precipitated,  and  on 
filtering  from  the  precipitate,  the  presence  of  mag- 
nesium in  the  filtrate  can  be  demonstrated  by  the 
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addition  of  solution  of  ammonia  and  of  sodium  phos- 
phate, when  a white  granular  or  crystalline  precipitate 
( aihmonio-magnesium  phosphate,  -LVLgJN  JbijhOj  will  be 
thrown  down.  Since  the  metals  calcium,  barium,  and 
strontium  all  yield~precipitates  with  sodium  phosphate, 
the  necessity  tor  removing  them  bet'ore  testing  for 
magnesium  is  obvious. 

ZINC 


Symbol , Z11;  molecule , Zn;  dyad;  atomic  weight , 65-4; 

molecular  weight , 65-4  ; specific  gravity , 7*15. 

Zinc  is  one  of  the  elements  containing  only  one 
atom  in  the  molecule. 

Natural  compounds  of  zinc. — (i)  Calamine , 
the  native  carbonate  of  zinc  (ZnC03)  ; it  is  of  a 
yellowish-white  colour,  from  a small  quantity  of  iron 
or  manganese  contained  in  it,  and  is  used  in  surgery 
in  the  form  of  an  ointment  and  lotion,  (ii)  Blende , 
the  native  sulphide  of  zinc  (ZnS).  (iii)  The  red  oxide 
(ZnO),  the  red  colour  is  due  to  manganese,  (iv)  Zinc 

silicate  (Zn2Si04  + H20). 

Preparation  of  tlie  metal  zinc. — The  zinc 
ore,  either  calamine  or  blende,  is  first  heated  or 
roasted  in  the  air,  to  convert  it  into  the  zinc  oxide, 
which"  is  then  reduced  to  the  metal  by  heating  with 
charcoal  or  fine  coal.  ^nce~zinc  is  a volatile  metal,  it 
is  prepared  by  a 'procesfTttfTlisLllfKMWh^Tnnrifl'HTOTTr 
of  Tine  oxide  and  charcoal  or  coat  is-  placed  in  tube- 
shaped retorts  (r)  of  fire  clay,  to  the  open  end  a 
conical  clay  pipe  (a)  is  fitted,  and  to  this  is  fixed  an 
iron  condenser  (b,  Fig.  23). 

On  strongly  heating,  the  zinc  is  set  free  by  the 
reducing  action  of  the  carbon  on  the  zinc  oxide,  and 
passes  along  the  pipe  in  the  form  of  vapour,  which  in 
the  cooler  portion  of  the  pipe  condenses  to  molten 
zinc ; from  time  to  time  the  iron  condenser  is  taken 
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away,  and  the  melted  zinc  scraped  out  from  the 
conieal  clay  pipe  into  a ladle,  until  all  the  zinc  has 
been  distilled  over.  Zinc  prepared  in  this  manner 


• • 

Fig.  23. — Belgian  Zinc  Fnrnace-Section. 


is  generally  impure,  from  the  presence  of  small 
quantities  of  arsenic,  from  which  it  can  be  purifjdtT 
by  well  stirring  with  the  molten  zinc  some  potassium 
nitrate,  which  converts  the  arsenic  into  potassium 
Arseni  ate. 

Tftdmjblated  zinc,  the  form  in  which  the  metal  is 
commonly  employed  in  the  preparation  of  hydrogen,  is 
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obtained  by  pouring  melted  zinc  from  a height  into 
water. 

Properties  of  the  metal  zinc. — Zinc  is  a 
bluish-white  hard  metal;  if  heated  to  100°  — 150° 
it  becomes  soft  and  malleable,  so  that  it  can  be  rolled 
into  thin  plates  ; at  200°  it  is  quite  brittle,  and  can 
then  be  readily  reduced  to  powder;  at  419°  it 
melts,  and  boils  at  a bright-red  heat  (about  940°) ; 
when  strongly  heated  in  the  air  it  burns  with  a bright 
bluish  flame,  forming  light  white  flocks  of  zinc  oxide. 
In  moist  air  it  oxidises,  becoming  covered  with  a 
very  thin  fihir’of”"2rilc  oxide,  which,  however,  is  a 
/ very  compact  film,  and  effectually  checks  any  further 
/ oxidation  ; in  this  respect  it  is  very  unlike  the  metal 
iron,  which  in  moist  air  oxidises  or  rusts  continuously, 
| and  so  becomes  in  time  thoroughly  corroded.  Zinc 
is  employed  for  coating  iron  vessels,  etc.,  to  prevent 
1 their  rusting,  such  coated  iron  being  known  as 
* galvanised  iron. 

Zinc  enters  into  the  composition  of  some  important 
alloys.  Brass  is  an  alloy  of  zinc  and  copper;  German 
silver  is  an  alloy  of  zinc,  copper,  and  nickel.  Galvan- 
ised iron , as  we  have  seen,  is  prepared  by  dipping 
clean  iron  into  molten  zinc,  and  so  coating  the  iron 
with  a covering  of  zinc.  Zinc  is  readily  acted  on  by 
most  acids ; dilute  sulphuric  and  hydrochloric  acids 
attack  it,  forming  respectively  zinc  sulphate  and 
chloride,  with  evolution  of  hydrogen.  Moderately 
diluted  nitric  acid  is  peculiar  in  its  action  on  zinc, 
producing  zinc  nitrate  and  ammonia  gas,  the  latter, 
. however,  not  escaping,  but  being,  immediately  it  is 
formed,  converted  by  some  of  the  nitric  acid  into 
ammonium  nitrate. 

Ir 

4Zn  + 9HN03  = 4Zn(N03)2  + NH,  + 3H,0 

Zinc.  Nitric  Zinc  Ammonia.  Water, 

acid.  nitrate. 

| „ < 

/ fiS 
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JZinc  oxide  (ZnO)  is  prepared  either  by  burning 
the^  metal  zinc  in  air,  or  by  heating  the  basic  zinc 
carbonate. 

ZnC08,  2Zn(HO)3  = 3ZnO  + C02  + 2H20 

Basic  zinc  Zinc  Carbon  Water, 

carbonate.  oxide.  dioxide. 

Zinc  oxide  under  the  name  oi  zinc-white  is  used  as 
a paint ; it  possesses  this  advantage  over  white-lead, 
that  it  is  not  blackened  by  sulphuretted  hydrogen, 
whereas  white-lead  paint  slowly  blackens  on  account 
of  the  small  quantities  of  sulphuretted  hydrogen 
present  in  the  air  of  towns  and  dwelling-houses.  The 
covering  power  or  “ body  ” of  zinc-white  is,  however, 
not  nearly  so  great  as  that  of  white-lead. 

% 

Zinc  Salts. 

Zinc  sulphate  (ZnS04  -f  7H20)  is  prepared 
by  the  action  of  dilute  sulphuric  acid  on  zinc. 

Zn  + H2S04  = ZnS04  + H2 

Zinc.  Sulphuric  Zinc  Hydrogen, 

acid.  sulphate. 

Zinc  sulphate  occurs  in  small  crystals,  very  much 
resembling  magnesium  sulphate,  for  which  it  is  apt  to 
be  mistaken.  For  the  methods  of  distinguishing  the 
two  salts,  see  page  243. 

Zinc  sulphate  is  occasionally  termed  xvliite  vitriol ; 
it  is  an  emetic. 

Zinc  chloride  (ZnCl2)  is  prepared  in  solution 
by  the  action  of  hydrochloric  acid  on  zinc. 

Zn  + 2HC1  = ZnCL  + H0 

1 fJ  m Al 

Zinc.  Hydrochloric  Zinc  Hydrogen, 

acid.  chloride. 

Tt  is  very  poisonous  ; it  is  used  as  a disinfectant, 
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under  the  name  of  “Burnett’s  fluid;”  it  coagulates 
albumen.  When  melted  it  dissolves  metallic  oxides, 
and  is  largely  used  in  soldering  with  tin  and  lead 
alloys.  It  is  a white  deliquescent  solid. 

Zinc  carbonate  (ZnC03,  2Zn(H0).,). — The 
normal  carbonate  (ZnCOg)  only  occurs  in  nature  as 
calamine.  The  precipitated  carbonate  is  a basic 
carbonate,  or  double  carbonate  and  hydrate,  and  is 
prepared  by  mixing  solutions  of  zinc  sulphate  and 
sodium  carbonate,  when  it  is  thrown  down  as  a white 
precipitate. 

3ZnS04  -f-  3]Sra2C03  -f*  2H20  — 

Zinc  Sodium  Water, 

sulphate.  > carbonate. 

ZnC03,2Zn(H0)3  + 3Na2S04  -f-  2C03 

Basic  zinc  ~ Sodium  Carbon 

carbonate.  sulphate.  dioxide. 


Zinc  acetate  (Zn(C2H302)2)  is  prepared  by  the 
action  of  acetic  acid  on  the  basic  zinc  carbonate. 

Zinc  valerianate  (Zn(C-Hg02)2  + 2H20)  is 
prepared  by  mixing  strong  and  hot  solutions  of  zinc 
sulphate  and  sodium  valerianate ; on  cooling,  the 
valerianate  of  zinc  separates  out  as  a crystalline 
white  substance. 


alb  anno 


Tests  for  Zinc. 
Ammonium  sulphide 


gives 


m 


or 


neutral 

zinc  solutions  a white  precipitate  of  zinc 
sulphide7Zn'Sr‘b  This  is  a characteristic  reaction,  as 
zinc  sulphide  is  the  only  white  sulphide  capable  of 
being  precipitated. 

(n)  Solution  oF ammonia  gives  a white  precipitate 
of  zinc  hydrate  (Zn(rtU)A  readily  soluble  in  excess 
of  ammonia]  From  this  solution  in  the  excess  of 
ammonia  the  zinc  may  be  precipitated  as  the  white 
sulphide  by  the  addition  of  ammonium  sulphide. 
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When  heated  with  the  blowpipe  on  charcoal, 
zinc  salts  leave  a residue  of  zinc  oxide  which  glows 
in  the  flame,  turning  yellow  when  hot  and  white  on 
cooling.  If  this  be  moistened  with  cobalt  nitrate 
and  aguin  made  red  hot,  a bright  green  mass  is  obtained. 

^ v)  Potassium  ferrocyanide  gives  a white  pre- 
cipitate of  zinc  ferrocyanide. 


^ a 

‘i'J 

* -5 


CADMIUM. 


Symbol , Cd;  atomic  weight,  112*3  ; specific  gravity , 8*6. 


as 


Cadmium  is  a tin-white  metal  ; it  occurs 
sulphide  with  zinc  ores,  and  closely  resembles  that 
metal  in  its  properties  and  its  compounds.  It  melts 
at  320°  and  boils  at  760°  ; it  burns  with  a bright 
flame,  forming  a brown  oxide.  Ite  sulphide  is  bright 
yellow  and  is  used  as  a pigment  Jcadmium  yelloip). 


MERCURY. 


G~~t6£F. 


Symbol,  Hg ; molecule,  Hg  ; dyad  ; atomic  weight,  200  ; 
molecidar  weight,  200. 


Natural  coni  pounds  of  mercur  The 

chief  natural  compound  of  mercury  is  cinnabar,  a 
sulphide  of  mercury  (HgSY.  which  is  found  in  masses 
of  a dark  red  colour,  mn  Mercury  is  occasionally 
found  in  the  free  state  in  small  quantities. 

Preparation  of  the  metal  mercury. — It  is  I /j] 
obtained  from  cinnabar  by  heating  it  with  quicklime  t yi 
in  retorts^wEen  double  decomposition  fi rst  tafes  place* 
between  the  cinnabar  and  the  lime,  resulting  in  the 
formation  of  mercuric  oxide  and  calcium  sulphide. 


HgS  4- 

Cinnabar.  Lime. 


CaO  = 


HgO 


+ CaS 

Mercuric  Calcium 

oxide.  sulphide. 
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The  mercuric  oxide  is  then  decomposed  by  the  heat 
into  mercury  and  oxygen,  the  mercury  distilling  over, 
and  being  condensed  in  a suitable  receiver. 

Mercury  may  also  be  obtained  by  roasting  cin- 
nabar in  excess  of  air,  and  passing  the  resulting 
vapours  of  mercury  and  sulphur  dioxide  through  a 
series  of  condensing  chambers  to  condense  the 
mercury. 

Properties  of  tlie  metal  mercury.  — At 

ordinary  temperatures  mercury  is  a heavy  lustrous 
liquid  ; it  is  the  only  metal  that  is  liquid  at  ordinary" 
temperatures ; it  is  commonly  known  as  quicksilver , 
on  account  of  its  possessing  a white  colour  like  silver, 
and  from  its  being  liquid.  Its  specific  gravity  is 
13-59;  it  solidifies  at  —38-8°,  and  boils  at  357°; 
it  volatilises  slowly  at  ordinary  temperatures  ; it  re- 
mains unchanged  in  air  at  ordinary  temperatures, 
but  when  heated  to  300°,  in  contact  with  air,  it 
oxidises,  fornpng  the  red  oxide  of  mercury.  It  is 
^capable  of  a very  fine  state  of  division  if  well 
yubbed"  with  certain  substances,  and  in  this  finely- 
aivided  state  it  is  employed  m some  medicinal 
preparations.  Those  containing  such  finely-divided 
mercury  are  blue  pill  (Pilula  hyclraravri).  grey 
powder  (Hydrargyrum  cum  cretci),  and  mercury 
ointment  (unguentum  hydrarggri).  Mercury  unites 
with  7nost  of  the  metals,  forming  amalgams , the 
most  useful  of  which  is  an  amalgam  of  mercury 
and  tin,  which  is  used  for  silvering  ordinary  looking- 
glasses.  Mercury  docs  not  unite  or  amalgamate  with 
iron  and  ’'pTatmum,  hence  it  is  generally  stored  in  v • 
large  iron  bottles. 

Action  of  acids  on  mercury. — Dilute  sul- 
phuric acid  and  hydrochloric  acid  have  no  action  on. 
mercury.  Strong  sulphuric  acid  with  heat  acts  on 
mercury,  forming  mercuric  sulphate,  and  evolving 
sulphur  dioxide. 
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Hg  + 2H2S04 

Mercury.  Sulphuric 
acid. 


HgS04  + SOo  + 2H20 

Mercuric  Sulphur  Water, 

sulphate.  dioxide. 


Nitric  acid  acts  on  mercury,  producing  different 
mercury  salts,  accordingly  as  strong  or  d 1 1 u te^nj-t i_ic^ 
acid  is  employed  withJie§kJit:jyithout.  Strong  nitric 
acid  with  heat  forms  mercuric  nitrate,  with  evolution 


'bf  nitrogen  dloxideT 


3Hg  + 8HNO3 

Mer-  Nitric 

cury.  acid. 


3Hg(N03)3 

Mercuric 

nitrate. 


+ 2NO  + 4H,0 

Nitrogen  Water, 
dioxide. 


Moderately  diluted  nitric  acid  digested  with  mer- 
cury 111  the  (fold  forms  mercurous  nitrate  with  evolu- 
tion of  nitric  oxide. 


6Hg  + 8HNO3  = 

Mer-  Nitric 

cury.  acid. 


3Hg2(N03-)2 

Mercui  ous 

nitrate. 


+ 2NO  + 

Nitrogen 

dioxide. 


4H20 

Water. 


Aqua  regia  (nitro-hydrochloric  acid)  dissolves 
mercury,  lortning  mercuric  chloride,  and  evolving 
nitric  oxide. 


3Hg  + 6HC1  + 2HN03  = 3HgCl2  + 2NO  + 4H30 

Mer-  Hydrochloric  Nitric  Mercuric  Nitrogen  Water, 

cury.  acid.  acid.  chloride.  dioxide; 

Mercuric,  oxide  (HgO). — There  are  two  varie- 
ties of  this  oxide — the  red  or  crystalline  variety,  and 
the  yellow  or  amorphous  variety.  The  red  mercuric_ 
oxide*  commonly  known  as  red  precipitate , is  obtained 
as~  a^  red  crystalline  powder  by  heating  mercuric 
nitrate  alone  or  mixed  with  metallic  mercury. 

' Hg(N03)2  + Hg  = 2 HgO  + 

Mercuric  Mercury.  Mercuric 

nitrate.  red  oxide. 
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It  may  also  be  obtained  by  heating  mercury  with 
exposure  to  the  air  for  some  time  at  a temperature  of 
300°. 

The  yellow  mercuric  oxide  is  obtained  as  a yellow 
amorphous  powder  by  precipitating  a solution  of 
mercuric  chloride  with  any  of  the  fixed  alkalies, 
potash,  soda,  or  lime. 

HgCl2  + 2NaHO  = HgO  + 2NaCl  + H20 

Mercuric  Sodium  Mercuric  Sodium  Water, 

chloride.  hydrate.  (yellow)  oxide.  chloride. 

The  yellow  mercuric  oxide  is  contained  in  yellovj 
lotion  or  yellow  icash  ( Lotio  hydraryyri  jlava ),  in 
which  it  is  made  by  precipitating  a weak  solution 

of  mercuric  chloride  with  lime-water. 

% 

HgCl3  + Ca(HO),  = HgO  + CaCl2  + H,0 

Mercuric  Calcium  ~ Mercuric  Calcium  Water, 

chloride.  hydrate.  (yellow)  oxide.  chloride. 

Mercurous  oxide  . (Hg20)  is  also  known  as 
black  oxide  of  mercury ; it  is  prepared  by  the  action 
Jot  one  of 'The  tixed  alRalies,  potash,  soda,  or  lime,  on 
a mercurous  salt ; it  is  contained  in  black  lotion  or 
black  wash  ( Lotio  hydraryyri  niyra ),  in  which  it  is 
obtained  as  a black  precipitate  by  shaking  together 
calomel  (mercurous  chloride)  and  lime-water. 

Hg2Cl2  + Ca(HO)2  = Hg20  + CaCl2  + H20 

Mercurous  Calcium  Mercurous  Calcium  Water, 

chloride.  hydrate.  oxide.  chloride. 

Mercury  Salts. 

There  are  two  classes  of  mercury  salts,  mercuric 
and  mercurous , in  both  of  which  the  mercury  is 

a t M l.  • • > -..-v  ' 1 / . ~ - 

acting  as.  a dyad ; but  all  mercurous  compounds  con- 
tain in  the  molecule  two  atoms  of  mercury,  and  as 
these  two  atouis  are  linked  together  by  an  atom-fixing 
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power  of  each,  the  mercury  atoms  only  exert  towards 
other  elements  the  atom-fixing  power  of  a monad. 
This  is  rendered  evident  by  inspection  of  the  following 
graphic  formulae  of  mercuric  chloride  (HgCl2)  and 
mercurous  chloride  (Hg2Cl2). 

Cl— Hg— Cl  Cl-TIg— Hg— Cl 

- - — 

It  will  be  convenient  to  describe  the  various  mer- 
curic and  mercurous  salts  together. 

Mercuric  sulphate  (HgS04  4-  H20)  is  prepared 
by  the  action  of  strong  sulphuric  acid  with  heat  on 
mercury. 

Hg  -r  2H2S04  = HgS04  + S03  + 2H20 

Mercury.  Sulphuric  Mercuric  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Mercuric  sulphate  is  largely  used  in  the  preparation 
of  mercuric  chloride  (corrosive  sublimate),  and  also 
for  preparing  mercurous  sulphate,  from  which  calomel 
is  made.  Mercuric  sulphate  is  decomposed  by  water, 
with  production  of  a yellow  basic  sulphate  of  mercury 
(HgS042Hg0),  formerly  employed  in  medicine  under 
the  name  of  Tuiyeth  mineral. 

3HgS04  + 2H20  = Hg302S04  + 2H2S04 

Mercuric  Water.  Turpeth  Sulphuric 

sulphate.  mineral.  add. 

Mercurous  sulphate  (Hg2S04). — This  is  pre- 
pared by  well  rubbing  mercuric  sulphate  with  as 
ipuch  mercury  as  it  already  contains. 


HgS04  + Hg  = Hg2S04 

Mercuric  Mercury.  Mercurous 

sulphate.  sulphate. 


This  salt  is  used  for  the  preparation  of  calomel ; it  is 
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very  apt  to  be  contaminated  with  some  unchanged 
mercuric  sulphate. 

Mercuric  chloride  (HgCl2).— This  important 
salt  is  also  known  as  perchloride  of  mercury , bichloride 
of  mercury , and  corrosive  sublimate.  It  is  prepared 
by  heating  a mixture  of  mercuric  sulphate  and  soditinr 
chloride  (common  salt),  a little  black  oxide  of  man- 
gariese'  b6ing  added"to  prevent  the  formation  of  mer- 
curous chloride,  and  conveying  the  vapour  of  the 
mercuric  chloride  into  a cool  chamber,  where  it  con- 
denses to  a white  crystalline  solid. 


HgS04  + 2NaCl 

Mercuric  Sodium 

sulphate.  chloride. 


= HgCl2 

Mercuric 

chloride. 


+ Na2S04 

Sodium 

sulphate. 


Mercuric  chloride  is  a very  poisonous  substance ; it  is 
soluble  in  water,  but  if  the  solution  is  kept  exposed 
to  light  it  slowly  decomposes,  depositing  mercurous 
chloride  (calomel).  A weak  aqueous  solution  of 
mercuric  chloride  (1  part  in  1,000  of  water)  is  a 
powerful  germicide,  and  is  largely  used  in  surgery 
as  an  antiseptic  lotion ; in  using  it,  care  should 
be  taken  not  to  dip  articles  of  gold,  such  as  rings, 
into  it,  as  they  would  quickly  become  coated  with 
metallic  mercury.  It  coagulates  albumen,  forming 
an  insoluble  compound;  white  of  egg  is  therefore 
used  as  an  antidote  in  cases  of  poisoning  by  corrosive 
sublimate. 

Mercurous  chloride  (HgaClft).— This  largely- 
employed  mercurial  preparation  is  also  known  as 
calomel  and  subchloride  of  mercury.  It  is  prepared  by 
Tieatmg  a mixture  of  mercurous  sulphate  and  sodium 
chloride  (common  salt),  when  the  calomel  that  is 
formed  volatilises,  and  the  vapour  is  conveyed  into  a 
cool  chamber,  within  which  it  condenses  to  a white 
powder. 
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HgaS04  + 2NaCl  = HgaCla  + Na2S04 

Mercurous  Sodium  Mercurous  Sodium 

sulphate.  chloride.  chloride.  sulphate. 

As  the  mercurous  sulphate  is  apt  to  he  contamin- 
ated with  mercuric  sulphate,  so  calomel  is  apt  to  be 
contaminated  with  corrosive  sublimate  formed  from 
the  mercuric  sulphate  ; the  calomel  must  be  freed 
from  this  impurity  by  thoroughly  washing  it  with  hot 
water,  until  the  washings  cease  to  show  the  presence 
of  corrosive  sublimate,  as  indicated  by  their  ceasing 
to  give  a black  precipitate  with  ammonium  sulphide. 
As  calomel  is  given  in  fairly  large  doses  (5  to  10  grains), 
it  is  most  important  that  it  should  be  thoroughly 
freed  from  the  poisonous  corrosive  sublimate.  _A 
simple  test  for  the  detection  of  the  latter  impurity  in 
calomel  is  to  place  some  of  the  calomel  on  a clean 
knife-blade,  moisten  it  with  a few  drops  of  alcohol, 
and  allow  it  to  remain  for  a few  minutes,  when  a 
"black  spot  will  be  produced  on  the  blade  if  corrosive 
sublimate  is  present. 

Another  method  of  preparing  calomel  is  to  precipi- 
tate it  from  a solution  of  mercurous  nitrate  by  means 
of  hydrochloric  acid. 

Hg2'(N03)2  + 2HC1  = Hg2Cla  + 2HNO3 

Mercurous  Hydrochloric  Mercurous  Nitric 

nitrate.  acid.  chloride.  acid. 

This  process  is  not  employed  for  the  preparation  of 
the  calomel  used  in  medicine,  the  sublimation  process 
always  being  used  for  the  commercial  production  of 
calomel. 

Mercuric  iodide  (Hgl2),  also  known  as  the 
biniodide  of  mercury  and  the  recj  iodide  of  mercury , 
is  prepared  by  precipitating  a'  ^lutldiT'of  mercuric 
chloride  with  potassium  iodide.  It  is  thrown  down  at 
first  as  a yellow  precipitate,  rapidly  changing  to  red. 
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HgClo 

Mercuric 

chloride. 


+ 2KI 

Potassium 

iodide. 


Hgl3  + 2KC1 

Mercuric  Potassium 

iodide.  chloride. 


irecipitated  mercuric 


excess  of  either  mercuric  chloride  or  of  iodide  of 


potassium,  but  especially  m tiie  latter  ; with  excess  of 
"potassium  iodide  it  forms  a soluble  double  iodide 
(Hgl3,2K.l),  which  is  a very  convenient  and  fre- 
quently employed  form  of  administering  mercury 
internally.  This  is  generally  done  by  prescribing 
together  a suitable  dose  of  perchloride  of  mercury 
(. Liquor  hydrargyri  perchloride ) with  excess  of  potas- 
sium iodide.  A weak  solution  of  this  double  iodide 
(1  part  in  2,000  or  3,000  of  water)  is  also  a powerful 
germicide  and  disinfectant,  and  is  employed  as  an 
antiseptic  lotion.  Nessleds  solution  is  a solution  of 
this  double  iodide  of  mercury  and  potassium  mixed 
with  caustic  potash.  It  constitutes  an  extremely 
delicate  test  for  ammonia,  and  can  be  used  for  the 
detection  of  most  minute  quantities  of  ammonia  in 
drinking  waters,  imparting  a yellow  or  brownish  tint 
to  the  water,  according  to  the  amount  of  ammonia 
present.  This  test  is  known  as  Nessler's  test. 

I / Mercurous  iodide  (Hg2I3),  also  known  as 
I*  the  green  iodide  of  mercury , is  prepared  by  direct 
combination  of  fts  elements  in  suitable  proportions — 
i.e7\>y  rubbing  200  parts  of  mercury  with  127  parts  of 
iodine  and  a ITffte  alcohol,  the  latter  belh^  used  to 
prevent  elevation  of  temperature,  due  to  the  chemical 
action  taking  place. 

Mercuric  nitrate  (Hg(N03)o  + 8H20)  is  pre- 
pared by  the  action  of  strong  nitric  acid  with  heat 
on  the  metal  mercury. 


3Hg  + 8HNO3  = 3Hg(N08)o  + 2NO  + 4H.0 

Mercury.  Nitri  Mercuric  ~ Nitrogen  Water 

acid.  ui  Irate.  dioxide. 
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Illercurous  nitrate  (Hg2(N03)2  -f  2H30)  is 
prepared  by  the  action  of  moderately  diluted  nitric 
acid  in  the  cold  on  the  metal  mercury. 

6Hg  + 8HNO3  = 3Hg2(N03)2  f 2NO  + 4H30 

Mercury.  Nitric  Mercurous  ' Nitrogen  Water, 

acid.  nitrate.  dioxide. 

mercuric  cyanide  (Hg(CN)2). — If  red  mer- 
curic oxide  is  digested  in  dilute  hydrocyanic  acid,  it 
dissolves,  and  mercuric  cyanide  is  afterwards  deposited 
in  crystals. 

HgO  + 2HCN  = Hg(CN)2  + H20 

Mercuric  Hydrocyanic  Mercuric  Water, 

oxide.  acid.  cyanide. 

Ammoniated  mercury  (NH0HgCl).  — This 
compound,  commonly  known  as  infusible  white  pre- 
cipitate, is  mercuric  ammonium  chloride ; that  is,  it 
consists  of  ammonium  chloride  (NH4C1)  from  which 
two  atoms  of  the  monad  hydrogen  have  been  displaced 
by  one  atom  of  the  dyad  mercury,  as  is  rendered 
evident  by  inspection  of  their  graphic  formulae. 


H H 

/Hg\ 

\ / . 

\ ) 



N 

1 H 
Cl 

/ 

( 

\ 

w 

Cl 

Ammonium 

Ammoniated 

chloride. 

mercury 

h; 


It  is  obtained  as  a white  precipitate  by  pouring 
an  excess  of  ammonia  into  a solution  of  mercuric 
chloride. 
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HgCl,  + 2NH3  = NH2HgCl  + NH/J1 

Mercuric  Ammonia.  Ammoniated.  Ammonium 

chloride.  mercury.  chloride 

Fusible  white  precipitate  (HgCl^NH^) 

is  prepared  by  adding  a solution  of  mercuric  chloride 
to  a boiling  solution  of  ammonium  chloride  and 

ammonia. 

Jtlercuric  sulphide  (HgS). — This  exists  in 
nature  as  cinnabar  ; it  constitutes  the  pigment  ver- 
milion, which  is  prepared  by  rubbing  together  mercury 
and  sulphur,  when  the  black  amorphous  mercuric 
sulphide  is  obtained,  which  on  heating  sublimes  as 
vermilion ; the  composition  of  the  sulphide  is  not 
changed  by  the  heat,  but  the  black  amorphous  sul- 
phide becomes  converted  into  the  red  crystalline 
variety.  Ethiop’s  mineral,  formerly  employed  in 

medicine,  is  a mixture  of  the  black  mercuric  sulphide 
and  free  sulphur  ; it  is  obtained  by  rubbing  mercury 
with  excess  of  sulphur. 

mercuric  oleate. — This  substance,  which  is  now 
frequently  used  as  an  external  application  in  ceitain 
skin  diseases,  is  prepared  by  dissolving  yellow  mercuric 
oxide  in  oleic  acid. 

Test  for  Mercury. 

All  solid  mercury  compounds  if  mixed  with  lime 
or  sodium  carbonate,  and  then  heated  in  a dry  test- 
tube,  yield  a sublimate  of  metallic  mercury  on  the 
cool ? sides  of  the  tube;  this  sublimate,  when  rubbed 
with  a glass  rod,  produces  the  characteristic  globules 
of  mercury.  v 

>i  ' ^ 1 Tests  for  Mercuric  Salts. 

f\  Sulphuretted  hydrogen  gives  a black  pre- 
cipitate "of  mercuric  sulphide ; if  the  solution  of  the 
mercuric  salts  is  strong,  the  ' precipitate  may  at_fir§t. 
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come  down  of  a yellowish-white’  colour : afterwards, 
as  more  sulphuretted  hydrogen  passes  in,  the-  light- 
coloured  precipitate  passes  through  successive  stages 
of  dark  yellow,  orange,  and  brown,  to  a black  colour ; 
these  colour  stages  are  due  to  the  gradual  displace- 
ment of  the  acid  radicle  of  the  mercury  salt  by  the 
sulphur. 

Q Ammonium  sulphide  also  precipitates  the 
black  mercuric  sulphide. 

© Potassium  iodide  gives  with  a solution  of  a 
mercuric  salt  a precipitate  ot  red  mercuric  iodide,,  the 
precipitate  being  thrown  down  at  first  of  a yellowish 
colour,  rapidly  changing  to  red  ; it  is  soluble  in  excess 
of  either  the  mercuric  salt  or  of  potassium  iodide,  but 
especially  in  the  latter.  r 

0 If  a solution  of  a mercuric  salt  ns  Acidified 
with  a few  drops  of  hydrochloric  acid,  and  then  boiled 
'for  a few  minutes  with  a strip- of  bright  copper  foil, 
the  metal  mercury  is  deposited  on  the  surface  of  the 
,:strip  of  copper,  giving  to  it  a characteristic  Justre 
resembling  polished  silver  • if  the  strip  or  copper  is 
washed  with  water,  carefully  dried,  and  then  heated 
in  a dry  test-tube,  a sublimate  of  metallic  mercury 
will  be  obtained  on  the  sides  of  the  tube  ; this  sub- 
limate, when  rubbed  with  a glass  rod,  produces  the 
characteristic  globules  of  mercury ; or  a scale  of 
iodine  may  be  introduced  to  the  bottom  of  the  tube, 
which  is  then  gently  warmed  so  as  to  slightly  vola- 
tilise the  iodine  ; the  vapour  of  the  iodine  unites 
with  the  mercury,  and  converts  it  into  the  yellow 
iodide,  which  in  its  turn  changes  to  the  scarlet 
mercuric  iodide. 

0 Caustic  potash  and  caustic  soda  both  give 
with  solutions  of  mercuric  salts  a yellow  precipitate 
of  mercuric  oxide. 
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Hydrochloric  acid  gives,  with  a sol 
a mercu rdri s "salt!  a white~T)recipitate  ot  mercurous 

this  is  blackened  by  the  addition  of 


ammonia,  owing  to  the  formation  of  the  black  mercu- 
rous~ aimonaim  chloride  (iN  H0±ig0Ul),  the  mercurous 
analogue  ot 'aiii moniated  mercury  (NH,agci): 

.Potassium  Iodide  Vives  a cl ir  ty-green  ^ precipi- 
m er c u. rou^dodlcTe.  *' 


(^'Haustic  potash  and  caustic  soda  both  give  a 
black  precipitate^of  mercurous  oxide.  " tlUi+Je  txuU  | 
It  \\IlTd5enoticed  that  the  metals  treated  in  this 
chapter  form  the  right-hand  half  of  the  second  column 
in  the  classification  given  on  page  208.  It  will  be 
convenient  to  note  here  some  of  their  points  of  resem- 
blance. They  are  all  ductile  metals  and  are  divalent, 
their  volatility  increases  as  their  atomic  weight  rises; 
thus,  zinc  boils  at  940°,  cadmium  at  760°,  mercury  at 
357°.  Magnesium,  zinc,  and  cadmium  all  burn  with 
a flame  when  heated  in  air  forming  the  oxides 
MgO,  ZnO,  CdO  ; they  all  form  sulphates  which  are 
isomorplious  and  have  the  formula  MgS04  + 7H30, 
etc.  ; these  sulphates  are  soluble  in  water.  The  spectra 
of  these  three  elements  present  many  points  of  simi- 
larity. Mercury  differs  in  several  respects  from  the 
other  members  of  the  group,  thus  it  forms  two  oxides, 
its  sulphate  is  anhydrous,  and  it  does  not  burn  with 
flame  when  heated  in  the  air. 
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CHAPTER  V. 


ALUMINIUM — TIN  AND  LEAD. 


Aluminium — Natural  Compounds  of  Aluminium — Preparation  and 
Properties  of  the  Metal  Aluminium — Alums — Preparation  of 
the  Aluminium  Salts— Tests  for  Aluminium— Tin— Prepara- 
tion and  Properties  of  the  Metal  Tin — Tin  Salts — Tests  for  Tin 
— Lead— Occurrence  in  Nature — Preparation  and  Properties  of 
the  Metal  Lead— Action  of  Acids  on  Lead — Oxides  of  Lead — 
Preparation  of  the  Lead  Salts— Tests  for  Lead.  , ?7 

f,Uy  \< 

ALUMINIUM.  / (JlU 


fU 


Symbol , A1 ; triad;  atomic  weight , 27  ; specific 


gravity , 2 -57  ; melts  at  654 


Natural  compounds  o t aluminium.  — (1) 

Aluminium  occurs  largely  in  nature  combined  with 
silica  ; the  different  forms  of  clay  consist  of  aluminium 
silicate ; felspar,  granite,  mica,  alum-shale  or  schist, 
all  contain  aluminium  silicate.  (ii)  Cryolite  is  a 
double  fluoride  of  aluminium  and  sodium.  (iii) 
Bauxite  is  an  impure  form  of  aluminium  hydrate, 
(iv)  The  precious  stones,  the  ruby  and  the  . sapphire , 
and  the  polishing  powder  known  as  emery  powder , 
consist  mainly  of  aluminium  oxide  or  alumina 


(A1A)- 

Preparation  and  properties  of  tlie  metal 
[aluminium. — The  oxide  of  aluminium  cannot  be 
deprived  of  its  oxygen  by  means  of  charcoal  at  any 
temperature,  since  the  reaction  ALOo  4-  3C  is  endo- 
I thermic  and  is  attended  with  the  absorption  of  a 
large  amount  of  heat ; the  metal  can  be  obtained  by 
reducing  aluminium  chloride  by  means  oT  the  metal 
"sodium,  dieted lunYii nifing  with  the  chlorine,  and  the 
metal  aluminium  being  set  free.  All  the  aluminium  at 
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the  present  time  is  obtained  by  the  aid  of  electricity  ; 
pure  alumina  (A1203)  is  dissolved  in  fused  cryolite 
(31SraF,  A1F3),  and" the  melted  liquid  decomposed  by  a 
powerful  current  of  electricity.  Aluminium  is  a 
light,  white  metal,  remaining  unchanged  in  both  dry 
and  moist  air.  1 Dilute  sulphuric  and  hydrochloric 
acids  both  act  on  the  metal  aluminium,  forming 
respectively  the  sulphate  and  chloride,  with  evolution 
of  hydrogen.  It  is  practically  unaflected  by  nitric 
acid;  it  is  dissolved  by  alkalies  and  by  organic  acids 
in  the  presence  of  sodium  chloride.  It  is  much  used  . 
for  telescopes,  opera-glasses,  cooking  vessels,  etc.,  on 
account  of  its  lightness.  It  forms  a valuable  alloy 
with  copper,  Cfu9Al,  aluminium  bronze,  which  is  as 
strong  as  steel  and  has  the  advantage  of  not  rusting. 
Aluminium  is  a good  conductor  of  electricity  and  a 
very^powerful  reducing  agent. 

^ Aluminium  oxide  or  alumina  (A1203).  — 
This  oxide  may  be  prepared  either  by  heating  the 
precipitated  aluminium  hydrate, — 

2A1(H0)3  = A1203  + 3H30. 

Aluminium  Aluminium  Water; 

hydrate.  oxide. 

or  by  heating  ammonia  alum,  when  ammonium 
sulphate  and  sulphur  trioxide  will  be  volatilised  by 
the  heat,  the  aluminium  oxide  being  left, — 


A12(S04)3,(NH4)2S04 

Ammonia  alum. 


= A1203  + (NH4)2S04  + 3SOs 

Aluminium  Ammonium  Sulphur 

oxide.  sulphate.  trioxide 


Aluminium  hydrate  (Al(HO)3)  is  prepared 
by  the  addition  of  an  alkali  to  solution  of  ammonia 
alum  or  potash  alum  ; it  is  a gelatinous  precipitate, 
which  possesses  the  power  of  fixing  or  combining  with 
vegetable  dyes,  and  hence  is  used  as  a mordant ; it 
is  also  employed  in  the  chemical  treatment  of  sewage, 
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on  account  of  its  property  of  entangling  and  carrying 
down  suspended  matters. 


Aluminium  Salts. 


Ammonia  alum  (A12(S04)3,  (NH4)2S04  -f 
24HbO).—  This  is  prepared  by  mixing  solutions  of 
aluminium  sulphate  and  ammonium  sulphate,  evapor- 
ating the  mixed  solution  and  setting  it  aside,  when  the 
alum  crystallises  out.  The  aluminium  sulphate  is 
obtained  either  by  the  action  of  strong  sulphuric  acid 
with  heat  on  clay,  or  by  roasting  alum-shale  in  the 
air.  Alum-shale  is  a hardened  clay  containing  iron 
pyrites  (Fe*S2);  when  roasted  the  sulphur  becomes 
oxidised  to  sulphuric  acid,  which  forms  aluminium 
sulphate  by  its  action  on  the  silicate,  ferric  oxide 
being  also  produced  ; on  boiling  the  roasted  shale  with 
water,  the  aluminium  sulphate  is  dissolved  out,  ferric 


oxide  being  left  insoluble. 


Potash  alum  (A12(S04)3,  K2S04  + 24H20).— 
This  is  prepared  by  a process  similar  to  that  used  for 
making  ammonia  alum,  with  the  substitution  of 
potassium  sulphate  for  ammonium  sulphate 

Ijkpotasli  alum  be  deprived  of  its  water  of  crystal- 
lisation by  heating,  the  anhydrous  alum  is  known  as 
Tmrnt  alum. 

There  are  alums  which  contain  no  aluminium, 
such  as  iron  alum  (Fe2(S04)3,  K2S04  + 24H20),  and 
chrome  cdum  (Cr2(S04)3,  K2S04  -f-  24H20) ; so  that 
the  l^erm  “ alum  ” is  used  for  bodies  which  may  or 
may  not  contain  aluminium.  The  term  alum  when 
used  in  this  extended  sense  simply  means  a double 
sulphate,  having  the  formula  M2(S04)3  -f  N2S04  + 
24H20  (where  M may  be  aluminium,  ferric  iron, 
chromium  or  manganese,  and  N potassium,  sodium, 
ammonium,  rubidium,  silver,  etc.),  and  crystallising 
in  octahedra. 
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Aluminium  chloride  (A1C13)  is  prepared  by 
passing  a stream  of  chlorine  over  a mixture  of  alumina 
and  charcoal  raised  to  a red  heat,  when  the  aluminium 
chloride  volatilises  and  condenses  on  cooling  to  a 
white  solid. 


AlgOg  + 3C  t 6 Cl  = 2A1C13  + 3CO 

Aluminium  Carbon.  Chlorine.  Aluminium  Carbon 

• oxide. • chloride.  monoxide. 


/ 

«. 


Tests  for  Aluminium. 


Aluminium  salts  give  with  solution  of  ammonia 
a white  gelatinous  precipitate  of  aluminium  hydrate 
Al(ti(J)3,  insoluble  111  excess  of  ammonia. 

-JUT  With  ammCniUHl  Sulphide  aluminium  salts 
also  give  a precipitate  of  aluminium  hydrate,  sulphur- 
etted hydrogen  being  evolved.  Ammonium  sulphide 
does  not  precipitate  the  sulphide,  because  'aluminium 
sulphide  is  decomposed  by  water  into  the  hydrate  and 
sulphurettedliydrogen. 


AlgSg  + 6H20  = 2Al(HO)s  + 3H2S 

Aluminium  Water.  Aluminium  Sulphuretted 

sulphide.  hydrate.  hydrogen. 


fWith  the  fixed  alkalies,  caustic  potash  .and 
soda,  aluminium  salts  yield  a precipitate  of 
aluminium  hydrate,  soluble  111  excess  of  either  lixed 
alkali. 

© If  a solid  aluminium  compound  be  heated  on 
charcoal  before  the  blowpipe,  it  leaves  an  Infusible 
mass  of  AJ2Us  which  glows  in  the  flame;  if  this  be 
moistened  with  CofNOg^  and  again  made  red  hot,  a 
fine  blue  mass  is  obtained. 

Aluminium  is  the  only  commonly  occurring  metal 
"in  the  third  column  of  the  classification  (p.  208).  The 
other  metals  in  this  group  are  rare.  The  oxide  of 
thorium  is.  the  chief  constituent  of  the  Weis  bach, 
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incandescent  mantle  (95 — 99  per  cent.),  the  other 
constituent  being  oxide  of  cerium. 


Symbol,  Sn  ; dyad  and  tetrad ; atomic  weight,  119; 
specific  gravity,  7 '3  ; melts  at  232°. 

Natural-  compounds  of  tin. — The  principal 

tin  ore  is  tinstone  or  stannic  oxide  (Sn00),  which  is 
found  in  Cornwall,  Saxony,  Bohemia,  Peru,  Mexico, 
Banca,  and  Australia. 

Preparation  and  properties  of  the  metal 
tin. — The  tin  ore  is  first  roasted  to  expel  arsenic  and 
sulphur,  and  the  stannic  oxide  is  then. reduced  to  the 
metallic  state  by  heating  it  with  anthracite  coal  or 
powdered  charcoal.  Tin  is  a soft  and  very  malleable 
metal ; it  can  therefore  be  rolled  out  into  thin  foil 
(tin-foil).  It  does  not  lose  its  lustre  on  exposure  to 
the  air  at  ordinary  temperatures,  and  is  used  to  coat 
iron  to  prevent  the  latter  from  rusting,  tin-plate  consist- 
ing of  thin  sheets  of  iron  coated  with  tin.  A bar  of 
tin  when  bent  emits  a peculiar  noise,  the  so-called  cry 
of  tin,  produced  by  the  friction  of  the  crystals  of  the 
metal  against  one  another.  Tin  enters  into  the 
composition  of  several  very  useful  alloys ; bronze  or 
gun  metal  is  an  alloy  of  copper  and  tin  ; britannia 
metal  is  composed  of  tin  and  antimony  ; solder  consists 
of  tin  and  lead  ; pewter  is  also  an  alloy  of  tin  and 
lead.  With  mercury  it  forms  an  amalgam  used  to 
coat  the  backs  of  looking-glasses. 

Action  of  acids  on  tlic  metal  tin. Hot 

concentrated  hydrochloric  acid  forms  stannous  chloride 
(SnCl2)  with  evolution  of  hydrogen. 


TIN, 


Sn  + 2IIC1 


+ H2 

Hydrogen. 


Tin.  Hydrochloric 


Stannous 

chloride. 


acid. 
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Hot  strong  sulphuric  acid  forms  stannous  sulphate 
(SnS04),  and  liberates  sulphur  dioxide. 

Sn  + 2H3S04  = SnS04  S02  -f  2H20 

Tin.  Sulphuric  Stannous  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Strong  nitric  acid  acts  energetically  on  tin  with 
the  production  of  a white  powder,  metastannic  acid, 
and  the  evolution  of  nitrogen  tetroxide. 

5Sn  + 2OHNO3  = H10Sn5O15  + 20NO2  + 5H20 

Tin  Nitric  Metastannic  Nitrogen  Water, 

acid.  acid.  tetroxide. 


Stannic  oxide  (Sn02)  is  prepared  by  heating 
metastannic  acid,  .the  product  of  the  action  of  nitric 
acid  on  tin. 

Hl0Sn5O]5  = 5Sn02  + 5H20 

Metastannic  Stannic  Water, 

acid.  oxide. 

Stannic  oxide  is  used,  under  the  name  of  putty- 
powder,  as  a polishing  powder  for  plate,  lenses,  etc. 

Tin  Salts. 

There  are  t,wo  classes  of  tin  salts,  stannous  and 
stannic ; in  the  former  the  tin  is  only  exerting  one 
half  of  its  atomicity,  viz.  as  a dyad  ; in  the  latter  it 
is  exerting  its  full  atomicity  as  a tetrad. 

Stannous  chloride  (SnCl2  + 2H20)  is  pre- 
pared by  the  action  of  hot  concentrated  hydrochloric 
acid  on  tin.  This  salt  is  used  commercially,  under 
the  name  of  tin-salt,  in  dyeing  and  for  purposes  of 
reduction. 

Stannic  chloride  (SnCl4)  is  prepared  by  passing 
chlorine  into  a solution  of  stannous  chloride,  or  by 
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passing  dry  chlorine  over  melted  tin ; it  is  a fuming 
liquid. 

x . ' Tests  for  Tin. 

Y 

Sulphuretted  hydrogen  gives  with  an  acidified 
solution  of  a stannous  salt  a brownish-black  pre~ 
cipitate  of  stannous  sulphide,  and  with  an  acidified. 
solution^  of  a staillliO  salt'  a yellow"  precipitate  of 
stannic  sdilphide ; both  sulphides  ar§  soluble- 
ammonium  sulphide 


in 


►Soluble  stannous  salts  act  as  reducing  agents, 
whereas  stannic  salts  have  no  reducing  action. 


'For 


instance,  if  a solution  of  stannous  chloride  be  added  to 
a solution  of  mercuric  chloride,  calomel  (mercurous, 
chloride)  will  be  thrown  down,  owing  to  the  stannous 
Chloride  abstracting  one-lialf  of  the  chlorine  from  the 
mercuric  chloride  to  form  stannic  chloride. 


2Hggi2  + SnCl3  = 

Mercuric  Stannous 

chloride.  chloride. 


Hg2Cls  + 

M ercurous 
chloride. 


SnCl4 

Stannic 

chloride. 


If  more  stannous  chloride  be  now  added,  it  will 
abstract  fl.ll  the  chlorine  from  the  precipitated  calomel, 
forming  the  metal  mercury  in  a fine  state  of  division, 
and  more  stannic  chloride. 


Hg3Cl2 

Mercurous 

chloride. 


+ SnCL  = 


Stannous 

chloride. 


2Hg  + SnCl4 

Mercury.  Stannic 

chloride 


On  account  of  the  white  and  subsequently  grey 
appearances  of  the  precipitate  this  test  was  formerly 
known  the  magpie  test  for  mercury  V 

© If  a solid  tin  compound  be  heated  on  char- 
coal with  potassium  cyanide  and  sodium  carbonate,  a 
white  malleable  globule  of  tin  is  obtained. 
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LEAD. 

♦ * 

Symbol , Pb  ; dyad  ; atomic  weight,  207  ; specific 

gravity,  11 '2  ; melts  at  326°. 

Natural  compounds  of  lead. — The  principal 
lead  compound  occurring  in  nature  is  cjcdena,  sulphide 
of  lead  (PbS),  which  always  contains  small  quantities 
of  sulphide  of  silver ; lead  is  also  naturally  found  in 
small  quantities  as  the  sulphate  and  carbonate. 

Preparation  of  the  metal  lead. — The  prin- 
cipal process  for  the  extraction  of  lead  from  galena  is 
known  as  the  air  reduction  process.  It  consists  in 
roasting  the  galena  in  a furnace  in  a current  of  air, 
so  as  to  convert  it,  in  part,  into  the  sulphate  and 
oxide. 

PbS  + 203  = PbS04 

Galena.  Oxygen.  Lead  sulphate. 

2 PbS  + 30^  = 2PbO  + 2S03 

Galena.  Oxygen.  Lead  Si^phur 

oxide.  dioxide. 

The  current  of  air  is  then  shut  off,  and  the 
temperature  of  the  furnace  is  raised,  when  the  un- 
decomposed galena  reduces  both  the  sulphate  and 
oxide  to  the  metallic  state,  with  evolution  of  sulphur 
dioxide. 


PbS04  + 

PbS  = 

2Pb 

+ 

2S03  ' 

Lead 

sulphate. 

Galena. 

Lead 

Sulphur 

dioxide. 

2PbO  + 

PbS  = 

3Pb 

+ 

so3 

Lead 

oxide. 

Galena. 

Lead. 

Sulphur 

dioxide. 

Lead  thus  prepared  contains  silver, ^wliich,  if 
present  in  sufficient  quantity  to  pay  for  its  ex- 
traction, is  obtained  by  converting  the  lead  into  lead 
oxide,  which  is  removed,  the  silver  remaining  un- 
changed. The  process  by  which  this  is  effected  is 
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called  the  cupellation  process;  it  consists  in  roasting 
the  lead  in  a reverberatory  furnace  (Fig.  24),  the 
floor  or  hearth  of  which  is  lined  with  porous  clay  or 
bone  ash ; the  lead  (a)  melts  and  oxidises  to  lead 
oxide  under  the  influence  of  blasts  of  air  admitted 
through  openings  (a  a) ; most  of  this  lead  oxide  in  a 
molten  condition  flows  away  by  side  openings,  whilst 
the  remainder  is  absorbed  by  the  porous  clay  or 
bone-ash,  pure  silver  being  finally  left  on  the  hearth 
of  the  furnace  in  a molten  state.  From  the  lead 


Fig.  24.  Section  oi  the  furnace  Employed  in  the  Cupellation  Process. 


oxide  produced  in  this  process,  metallic  lead  may  be 
obtained  by  reduction  with  charcoal  or  coal.  The 
removal  of  silver  from  a quantity  of  lead,  in  the 
metallic  state,  may  be  effected  by  means  of  Pattin- 
son's  process , which  depends  upon  the  fact  that  the 
metal  lead  is  less  easily  fusible  than  an  alloy  of  silver 
and  lead.  The  lead  containing  the  silver  is  melted 
and  then  allowed  to  cool  gradually  ; the  part  solidi- 
fying out  first  consists  of  crystals  of  pure  lead,  which 
can  be  raked  out  by  means  of  a perforated  iron  ladle  ; 
by  a systematic  repetition  of  this  process,  lead  con- 
taining 3 to  4 oz.  of  silver  per  ton  can  be  separated 
into  a portion  containing  less  than  1 oz.  per  ton  and 
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a rich  alloy  containing  75—80  oz.,  which  is  submitted 
to  the  cupellation  process.  Small  quantities  of  silver 
can  also  be  separated  from  lead  by  agitating  it  with 
5 per  cent,  of  zinc,  the  zinc  dissolves  out  the  silver 
from  the  melted  lead  and  rises  to  the  top.  The  zinc 
is  then  distilled  off  from  the  silver.  ( Parkes  process.) 

Properties  of  the  laietal  lead. — Lead  is  a 
lustrous,  bluish-grey  metal,  soft  enough  to  be  cat  with 
a knife,  and  to  leave  a mark  on  paper  when  drawn 
across  it;  it  is  malleable  and  ductile,  but  is  not  a good 
conductor  of  heat  and  electricity  as  compared  with 
many  other  metals.  If  lead  is  exposed  to  perfectly 
dry  air,  it  does  not  oxidise  or  tarnish,  but  if  exposed 
to  moist  air,  it  soon  becomes  covered  with  a film  of  the 
double  carbonate  and  hydrate  of  lead  ; similarly,  if  lead 
Islmmersed  in  distilled  water  which  Has  been  boiled  to 
deprive  it  of  all  dissolved  air,  it  remains  unaffected 
by  the  water,  but  soft  water  containing  air  in  solution 
attacks  lead,  the  oxygen  ot  the  air  iormmg  lead  oxide" 
which  is  then  dissolved  by  the  water  as  lead  hydrate 
nTsmall  but  appreciable  quantities.  This  is  one  way 
in  which  a drinking  water,  passing*  through  leaden 
|WS,  may  Become  contaminated  with  lead.  The 
corrosive  action  of  a water  on  IeacTis  much  increased 
hyThe  presence  in  it  of  chlorides,  nitrates,  nitrites, 
and  of  ammonia,  whereas  the  presence  of  sulphates,  of 
calcium  carbonate  (held  in  solution  as  bicaibonate 
by  a moderate  excess  of  carbon  dioxide),  and  of  phos- 
phates, hinders  corrosion.  Some  soft  waters,  notably 
some  moorland  waters,  have  a powerfully  solvent 
action  upon  lead,  due  in  some  cases,  perhaps,  to  the 
presence  of  acids  in  the  water,  either  humic  or  ulmic 
acid  derived  from  the  soil,  and  whole  villages  have 
thus  been  poisoned  ; hard  water,  such  as  that  from 
the  Thames,  the  Trent,  etc.,  does  notact  upon  lead. 

Metallic  lead  is  largely  used  in  the  manufacture  of 
pipes,  as  a covering  for  roofs,  etc.  Lead  is  contained 
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in  several  alloys,  the  most  important  of  which  are, 
type-metal,  an  alloy  of  lead,  antimony,  and  tin  ; pewter 
and  soft  solder , alloys  of  lead  and  tin  ; shot,  an  alloy 
of  lead  with  a small  quantity  of  arsenic  (not  more 
than  08  part  in  100),  which  possesses  the  property 
of  hardening  the  lead. 

Action  of  acids  011  the  metal  lead. — Hydro- 
chloric and  sulphuric  acids  have  no  action  on  lead  in  the 
cold,  but  both  acids  attack  this  metal  when  boiling  and 
concentrated.  Nitric  acid  readily  acts  on  lead,  form- 
ing lead  nitrate,  and  evolving  nitrogen  dioxide. 


3Pb 

'+  8HNO, 

= 3Pb(N03)2 

Lead. 

Nitric 

Lead 

acid. 

nitrate. 

2NO  + 

4H20 

Nitrogen 

dioxide. 

Water. 

Lead  oxides. — There  are  three  important  oxides 
of  lead,  the  oxide , dioxide,  and  red  lead. 

PbO  . . Lead  oxide. 

Pb::(04  . . Red  lead. 

Pb02  . . Lead  dioxide  or  peroxide. 

Lead  oxide  (PbO)  is  prepared  by  the  oxidation  of 
the  metal  lead,  by  roasting  it  in  air.  In  the  amorphous 
state  it  forms  a dirty  yellow  powder  ( massicot ) ; if 
fused  and  solidified,  it  forms  brighter,  reddish-yellow 
scales  (litharge). 

This  oxide  is  largely  used  in  the  manufacture  of 
dint  glass,  and  as  a cheap  glaze  for  earthenware. 
Nitric  acid  dissolves  litharge,  forming  lead  nitrate 
and  water. 

PbO  + 2HN03  = Pb(N03)2  -f  H20 

Lead  Nitric  Lead  Water. 

oxide.  acid.  nitrate. 
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Hydrochloric  acid  and  litharge  form  lead  chloride 
and  water. 

PbO  + 2HC1  = PbCl2  4-  H20 

Lead  Hydrochloric  Lead  'Water. 

oxide.  acid.  chloride. 

Red  lead  (Pb304),  also  known  as  minium , is 
prepared  by  heating  lead  oxide  (PbO)  in  air  to  400° 
for  some  time,  when  it  absorbs  oxygen  and,  becoming 
of  a bright  red  colour,  produces  red  lead.  If  red  lead 
be  strongly  heated,  it  liberates  the  oxygen  absorbed 
from  the  air,  and  returns  to  the  condition  of  litharge ; 
nitric  acid  decomposes  it,  dissolving  two-thirds  of  the 
lead,  and  leaving  unattacked  the  other  third  as  lead 
dioxide  (Pb02)  ; hydrochloric  acid  warmed  with  red 
lead  forms  lead  chloride  with  evolution  of  chlorine, 
the  latter  being  produced  by  the  action  of  the  hydro- 
chloric acid  on  the  lead  dioxide  ( see  below). 

Lead  dioxide  (Pb02)  is  also  known  as  lead  peroxide , 
and,  on  account  of  its  brown  colour  with  a purple 
tinge,  is  sometimes  called  the  puce- coloured  oxide  of 
lead.  •Wl.  obtained,  as  previously  stated  T bv  the 
action  of  nitfic  acid  on  red  lead.  On  account  of  this 
action  of  nitric  acid,  it  has  been  suggested  that  red 
lead  is  a compound  of  two  molecules  of  litharge  com- 
bined with  one  molecule  of  the  peroxide  (2Pb0,Pb02). 

Pb304  + 4HN03  = 2Pb(N03)2  + 

Red  lead.  Nitric  Lead 

acid.  nitrate. 

P1)02  + 2H20 

Lead  Water, 

dioxide. 

Lead  dioxide  if  heated  loses  one-half  of  its  oxygen, 
and  is  converted  into  the  monoxide ; hydrochloric 
acid  acts  on  it  forming  lead  chloride,  with  evolution 
of  chlorine. 
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Pb02  + 4HC1  = PbCl0 

Lead  Hydrochloric  Lead  ^ 

dioxide.  acid.  chloride. 


+ Cl3  -f 

Chlorine. 


2H20 

Water. 


Salts  of  Lead. 


, Load  acetate  (Pb(C2H„0,)2  + 3HsO).— This 
- salt,  on  account  of  its  sweet  taste,  is  commonly  known 
PV  as  mgqr  qfle.atL;  it  is  prepared  by  dissolving  litharge 
in  acetic  acicl  with  heat. 


PbO  + 2HC2H3Oo 

Lead  Acetic 


oxide. 


acid. 


Pb(C3H302)2 

Lead 

acetate. 


+ h30 

Wafer. 


Lead  oxyacetate  (Pb30(C2H30:i),)._This  basic 
lead  acetate  is  prepared  by  boiling  a solution  of  lead 
acetate  with  lead  oxide. 


Pb(C2H302)2 

Lead 

acetate. 


+ 


PbO 

Lead 

oxide. 


Pb20(C3H303)2 

Lead 

oxyacetate. 


X 


Liquoi  plumbi  subacetatis  fortis  is  a strong  solu- 
tion of  this  oxyacetate,  and  is  frequently  termed 
Goulard's  extract;  a weaker  solution  of  it  is  the 
Liquor  plumbi  subacetatis  dilutus,  which  is  fre- 
quently used  as  a lotion,  and  is  commonly  known  as 
Goulard  water. 

-Jea^  llirmf^  (Ph(NO^),)  is, .prepared  hy  the 
faction  ot  nitric  acid  on  litharge,  or  on  the  metal  lea^ 


PbO 

Litharge. 

+ 

2HNO.,  = 

Nitric 

Pb(N0.3)2  -f- 

Lead 

acid. 

nitrate. 

3Pb 

Lead. 

+ 

8HNO3 

Nitric 

= 3Pb(N03), 

Lead 

acid. 

nitrate. 

2NO  + 

4H20 

Nitrogen 

dioxide. 

Water 

H20 

Water. 


+ 
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White  lead  or  basic  lead  carbonate 

(2PbC03,  Pb(HO)2). — ^his  substance,  which  is  so 
largely  used  as  a white  paint,  is  hot  the  normal 
feacl  carbonate  (PbC03),  but  a compound  containing, 
carbonate  and  hydrate  of  lead.  There  are  two  methods 
of  preparing  it. 

/m  The  English  or  French  process  consists  in  pass- 
ingSfarbon  dioxide  gas  through  a solution  of  lead 
oxy acetate,  when  that  portion  of  the  lead  not  in  union 
with  the  acetic  radicle  is  precipitated  as  white  lead. 


3Pb,0(C2H302)2  + 

Lead 

oxyacetate. 

2PbCOs,  Pb(HO)2 

White  lead. 


2C02  + H20  = 

Carbon  Water, 

dioxide. 


+ 3Pb(C2H302)2 

Lead  acetate. 


The  lead  acetate  remaining  in  solution  can  then 
be  boiled  with  litharge,  and  so  a fresh  batch  of  the 
oxyacetate  will  be  obtained  for  further  treatment 
with  carbon  dioxide. 

(n))  The  Dutch  process  also  consists  in  decomposing 
leaaoxyacetate  with  carbon  dioxide  in  presence  of 
moisture,  but  an  entirely  different  arrangement  is 
adopted. 

Metallic  lead  is  cast  into  gratings,  so  as  to 
expose  as  large  a surface  of  the  metal  as  possible, 
and  these  are  suspended  in  earthenware  pots  contain- 
ing a layer  of  vinegar  at  the  bottom  ; the  pots  are 
embedded  in  spent  tan  spread  on  the  floor  of  a shed. 
The  acetic  acid  of  the  vinegar  and  the  oxygen  of  the 
air  attack  the  lead,  forming  an  oxyacetate,  which  is 
immediately  decomposed,  by  the  carbon  dioxide  and 
moisture  evolved  from  the  fermenting  spent  tan,  into 
white  lead;  the  action  is  allowed  to  go  on  until  the 
conversion  is  complete,  when  the  “ stack  ” is  taken 
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down,  and  the  white  lead  ground  and  washed.  White 
lead  prepared  by  this  process  is  more  compact,  Or  has 
more  body,  than  that  made  by  the  English  or  French 
process,  and  is  therefore  preferred  for  painting  pur- 
poses ; when  used  as  a paint  white  lead  slowly  darkens, 
from  traces  of  sulphuretted  hydrogen  in  the  air  form- 
ing the  black  sulphide  of  lead. 

Lead  iodide  (Pbl2)  is  prepared  by  precipitat- 
ing  a solution  of  lead  acetate  or  lead  nitrate  with 
potassium  iodide. 


■ 5 Pb(C2H302)2  + 2KI  = Pbl2  + 2KC2H303 

Lend  Potassium  Lead  Potassium 

acetate.  iodide.  iodide.  acetate. 


Iodide  of  lead  is  a bright  yellow-coloured  precipi- 
I tate^  msoTlTbl6  iil  euM  water,  but  soluble  in  hot  water. 
) Lead  chromate  (PbCr04)  is  prepared  bv  pro 

0*  cipiitating  a solution  of  lead  acetate  or  lead  nitrate 
1 with  potassium  chromate. 


Pb(N03)3  + K2Cr04  = PbCr04  + 2KN03 

Lead  Potassium  Lead  Potassium 

nitrate.  chromate.  chromate.  nitrate. 


Lead  chromate  is  a bright  yellow  precipitate,  and 
is  used  as  a pigment  under  the  name  of  chrome-yellow ; 
if  boiled  with  caustic  potash  or  soda  it  yields  chrome- 
red  (PbCr04,  PbO),  an  orange-red  pigment. 

Tests  for  Lead. 

.0,  Sulphuretted  hydrogen  gives  a black  precipi- 
tate  of  lead  sulphide.  This  is  the  test  employed  for 
the  detection  of  lead  in  a drinking  water,  the  absence 
of  other  metals  yielding  precipitates  with  sulphuretted 
hydrogen  being  proved  ; if  lead  is  present  in  the 
water,  a brownish  or  blackish  colour,  according  to  the 

7 u 
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amount  present,  will  be  produced  on  the  addition  of 
sulphuretted  hydrogen. 

In)  Ammonium  sulphide  also  precipitates  the 
black  lead  sulphide. 

pin  Potassium  iodide  gives  a bright  yellow  pre- 
cipitate of  lead  iodide,  joluble  in  boiling  water,  and 
crystallising  out  in  golden- coloured  spangles"  as  the" 
solution  cools. 

/tv)  Potassium  chromate  gives  a yellow  precipitate 
pf  lead  chromate,  changing  to  an  orange-red  cakair  on- 


ioning with  caustic  potash  or  caustic  sodaT" 


t!T  Hydrochloric  acid  gives,  with"*  mocl 


jp  ^ ...  . ^ ^ I 

trong  solutions  of  lead  salts,  a white  precipitate  oy 


lead~~cIiTorTcle  ; this  precipitate  remains  unaltered  on 


he  addition  of  solution  of  ammonia,  thus  distinguish- 

o 


ing  1 riFom  mercurous  chloride,  which  is  also  thrown 
down  as  a white  precipitate  by  hydrochloric  acid  from 
a solution  of  a mercurous  salt.  Hydrochloric  acid 
does  not  completely  precipitate  lead  "from  ils  soiiiTiohsT 
as  leaiu  chloride  is  appreciably  soluble  in  cold  water, 
andmot'ffTSO  111  tfHT  WaldfT 


SuTphurTc  acid  " gives  with  solutions  of  lead 

-r  v--1 r— r— , — , r s — ; m — — =- — rr 


salts  a \Hrite  precipitate  of  lead  sulphate. 


0>  If  a solid  lead  compound  be  heated  on  char- 
coal with  Na2C03  a malleable  globule  of  lead  is 
obtained,  surrounded  by  a yellow  incrustation. 

The  metals  tin  and  lead  have  several  points  of 
resemblance;  they  are  both  soft,  malleable,  easily 
reducible  metals.  When  heated  in  the  air  they  form 
oxides.  They  are  bivalent  and  tetra valent,  and  form 
two  oxides  (SnO,  Sn02)  and  two  chlorides  (SnCb, 
SnCl4),  etc.  They  belong  to  the  same  family  of 
elements  as  the  non-metals,  carbon  and  silicon.  The 


highest  nvirlAg  of  tin  flfld  lead  show  feeble  acid  pro- 
perties, but  their  salts,  .the  stannates  and  plumbates, 
are  very  unstable. 
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ARSENIC. 

^5? Symbol , As ; molecule , Asrs  'pentad  and  triad ; 
atomic  weight , 75;  mohm&ar  weight , 300;  specific 
gravity , 5 ‘7. 

Arsenic  and  phosphorus  are  the  only  elements  con- 
taining four  atoms  in  tlie  molecule;  tliem 'molecular 
weights  are,  therefore,  iour  times  their  atomic 
weights. 

Natural  compounds  of  arsenic. — (i)  The 

commonest  arsenical  ore  is  mispickel  or  arsenical  iron 
pyrites  (FeSAs).  (ii)  Two  compounds  of  arsenic  and 
sulphur  occur  in  nature,  a yellow  sulphide  named 
orpiment  and  a red  sulphide  named  realgar 

(As2S2).  (iii)  Arsenious  acid  (H3As03)  occurs  in 
minute  amounts  in  several  mineral  springs,  as  in 
those  of  Ems,  Kissingen,  Pyrmont,  and  Schwalbach. 
The  quantity  of  arsenious  acid  present  in  these  waters 
is  too  small  to  confer  poisonous  properties  on  them 
when  drunk,  but  it  is  quite  possible  that  their  thera- 
peutic properties  are  in  part  due  to  the  minute 
quantities -of  arsenic  present,  (iv)  The  metal  arsenic 
occurs  native  to  a small  extent. 

Preparation  of  the  metal  arsenic. — The 
metal  arsenic  is  obtained  as  a sublimate  by  passing 


280 


Chemistry, 


[Part  III. 


the  vapour  of  arsenious  oxide  or  white  arsenic  (As4Ofi) 
over  heated  charcoal. 


As406  -j-  6C  — As4  -f-  6CO 

Arsenious  Carbon.  Arsenic.  Carbon 

oxide.  monoxide. 


Properties  of  tlie  metal. — Arsenic  possesses 
a steel-grey  colour  and  a metallic  lustre ; it  is  very 
brittle,  and  is  "therefore  easily  pulverised.  When 
heated  in  the  air,  arsenic  volatilises  and  burns,  form- 
ing arsenious  oxide  or  white  arsenic  (As406),  and 
emitting  at  the  same  time  an  unpleasant  garlic-like 
odour.  Arsenic  begins  to  volatilise  at  100°,  it  passes 
rapidly  into  vapour  at  180°,  and  can  be  melted  (500°) 
only  under  pressure.  The  only  use  to  which  the 
metal  arsenic  is  pub.  is  in  the  manufacture  of  shot, 
which  consist  of  fehd  alloyed  with  a small  amount  of 
arsenic. 

Compounds  of  Arsenic. 

Two  classes  of  arsenical  compounds  exist,  viz.  the 
arsenious  compounds , in  which  the  arsenic  is  only 
exerting  the  atomicity  of  a triad;  and  the  arsenic 
compounds , in  which  the  arsenic  is  exerting  its  full 
atomicity  as  a pentad. 

There  are  two  oxides  of  arsenic,  arsenious  oxide 
and  arsenic  oxide,  or  arsenic  pentoxide. 

Arsenious  oxide  (As4Og). — This  oxide  con- 
stitutes the  white  arsenic  of  commerce ; it  is  also 
known  as  arsenious  anhydride.  It  is  obtained  during 
the  smelting  or  roasting  of  arsenical  iron  pyrites  and 
other  ores  containing  arsenic  united  with  sulphur, 
the  latter  element  burning  away  as  sulphur  dioxide, 
whilst  the  arsenic  volatilises  and  oxidises  to  arsenious 
oxide,  which  is  then  condensed  to  a solid  in  long 
condensing  flues  attached  to  the  smelting  furnace. 
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^ o 

Arsenious 

sulphide. 


2As,Ss 


+ 90,  = As406  + 6S02 


Oxygen.  Arsenious  Sulphur 

oxide.  dioxide. 


There  are  two  varieties  of  arsenious  oxide — (a)  a 
crystalline  variety  which  can  be  obtained  in  small 
octahedraf  and  ( b ) a vitreous  variety  constituting 
the  deposit  in  the  condensing  flues  attached  to  the 
furnaces  in  which  arsenical  ores  are  being  roasted ; 
this  vitreous  variety  is  obtained  at  first  as  a semi- 
transparent, glass-like  solid,  becoming  after  a time 
opaque,  like  porcelain.  The  wjiite  arsenic  of  commerce 
is_  obtained  by  grinding  this  vitreous  variety  to  a 
powder.  Arsenious  oxide  or  white  arsenic  is  a white, 
odourless,  and  almost  tasteless  substance,  possessing 
a very  faint  sweetish  taste ; it  is  very  poisonous, 

2 to  4 grains  being  usually  a poisonous  dose;  in  cases 
of  poisoning  with  arsenic  the  administration  oF fresh ly.^ 
precipHaked  ferric  hydrate  or  of  solution  of  dialysed 
iron  will  act  as  an  antidote,  although  not  a very 
efficacious  one,  by  forming  the  insoluble  arseniate  of 
iron.  Arsenious  oxide  or  white  arsenic  is  soluble  in 
cold  water  to  the  extent  of  half  a grain  in  a fluid 
ounce,  and  in  boiling  water  to  the  extent  of  6 grains 
in  a fluid  ounce  ; when  dissolved  in  water  it  forms 
arsenious  acid  (H3As03).  The  specific  gravity  of  the 
vapour  of  arsenious  oxide  is  198,  its  molecular  weight 
is  therefore  198  x 2 = 396,  which  gives  the  formula 
As406. 

Arsenic  oxide  or  arsenic  pcntoxide  (As0Orj). 
— This,  the  higher  oxide  of  arsenic,  is,  obtained  by 
the  oxidation  of  arsenious  oxide  with  nitrip.  amYl  " fj 
ordinary  white  arsenic  be  heated  with  nitric  acid] 
reddish-brown  fumes  of  oxides  of  nitrogen  arq*^ 
evolved,  and  the  residue,  if  dried  and  raised  to  a lowi 


red  heat  to  expel  water,  leaves  the  arsenic  oxide. 

Arsenic  oxide  or  arsenic  anhydride  is  a white 
amorphous  substance,  dissolving  in  water  to  form 
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arsenic  acid  (H3As04)  ; although  more  soluble  in 
water  than  arsenious  oxide,  it  is  less  poisonous 
than  that  substance.  At  temperatures  above  a red 
heat  arsenic  anhydride  breaks  up  into  arsenious  anhy- 
dride and  oxygen. 

There  are  two  acids  of  arsenic  corresponding  to 
the  two  oxides  or  anhydrides,  viz.  arsenious  acid  and 
arsenic  acid. 

4 ■<  ^ iii  «*  /k  ■ /I  / XT  A \ t a nrono  vnrl 


It  is  a weak  acid,  and  is  only  slightly  soluble  in 
water ; it  is  too  weak  an  acid  to  decompose  solutions 
of  the  alkaline  carbonates ; arsenious  acid  is  con- 
tained in  two  solutions  used  in  medicine,  both  of 
them  containing  1 per  cent,  of  arsenic  in  solution ; 
these  are  Fowler’s  solution  ( Liquor  arsenicalis ) 
and  the  hydrochloric  solution  of  arsenic  (. Liquor 
arsenici  hydrochloricus).  Although  arsenious  acid  is 
so  sparingly  soluble  in  cold  water,  yet  it  is  much 
more  soluble  in  a dilute  solution  of  an  alkaline 
carbonate,  or  in  a weak  mineral  acid.  O11  this 
account  Fowler’s  solution  contains  some  potassium 
carbonate,  which  merely  increases  the  solubility  of 
the  arsenious  acid ; and  the  hydrochloric  solution 
of  arsenic  contains  some  diluted  hydrochloric  acid, 
which  also  increases  the  solubility  of  arsenious  acid. 

Two  compounds  of  arsenious  acid  are  not  uncom- 
monly employed  as  pigments,  viz.  Scheele’s  green 
(arsenite  of  copper)  and  emerald  green  (aceto-arsenite 
of  copper). 

Scheeles  green  is  prepared  by  mixing  together 
solutions  of  copper  sulphate  and  sodium  arsenite,  when 
Tt  Ts  thrown  down  as  a bright  green  precipitate 


water. 


As4Og  + 6H20 


4H3As03 


Arsenious  Water, 

anhydride. 


Arsenious 

acid. 
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CuS04  + JsTa3HAs03  = 


Copper 
sulphate. 


Sodium 

arsenite. 


CuHAs03  4-  Na0SO 

Copper 
arsenite. 


2^4 
Sodium 
sulphate. 


Wall-papers  printed  with  bright  green  colours  are 
frequently  surfaced  with  Scheele’s  green  or  emerald 
green,  the  arsenic  contained  in  which  may  exercise  a 
very  injurious  influence  on  people  living  or  sleeping 
in  rooms  so  papered.  The  arsenical  pigment  may 
become  brushed  off  the  paper  as  dust,  and  so  become 
disseminated  through  the  atmosphere  of  the  room. 
But  it  is  not  only  by  this  mechanical  means  that  the 
arsenic  can  be  dispersed  into  the  atmosphere  of  the 
room;  the  papers  are  fastened  to  the  walls  with 
starch-paste,  which  easily  ferments  and  sets  free 
nascent  hydrogen ; and  since  the  paper  is  originally 
saturated  with  the  paste,  this  nascent  hydrogen  comes 
directly  into  contact  with  the  arsenical  compounds, 
and  produces  gaseous  arseniuretted  hydrogen,  which 
escapes  into  and  poisons  the  air  of  the  room.  It  is 
tiue  that  the  quantity  of  the  gas  so  produced  is  very 
minute ; but  as  arseniuretted  hydrogen  is  more 
poisonous  than  any  other  compound  of  arsenic, 
very  small  quantities  may  be  sufficient  to  produce 
very  injurious  effects. 

For  the  methods  of  detecting  arsenic  inwall- 
papers,  see  pages  287,  289. 

Arsenic  acid  (H3As04). — This  is  obtained  by 
dissolving  arsenic  anhydride  in  water. 


As203 

Arsenic 

anhydride. 


+ 


3H20 

Water. 


2H3As04 

Arsenic 

acid. 


It  may  also  be  prepared  by  the  action  of  chlorim 
ona  solution  of  a'rsenious  acid,  the  chlorine  uniting 
with  the  hydrogen  of  some  of  the  water  to  form  hydro* 
chloric  acid,  and  setting  free  oxygen,  which  in  the 
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nascent  state  oxidises  the  arsenious  acid  to  arsenic 
acid. 

H3As03  + H20  + Cl2  = H3As04  + 2HC1 

Arsenious  Water.  Chlorine.  Arsenic  Hydrochloric 

acid.  acid.  acid. 

A similar  action  occurs  when  iodine  is  added  to  a 
solution  of  arsenious  acid. 

H3As03  + H20  + I,  = H3As04  + 2HI 

Arsenious  Water.  Iodine.  Arsenic  Hydriodic 

acid.  acid.  acid. 

Arsenic  acid  is  a stronger  acid  as  regards  its  action 
on  litmus  paper,  and  its  power  of  forming  salts,  than 
arsenious  acid,  and  is  much  more  soluble  in  water, 
but  it  is  not  so  powerful  a poison  as  arsenious  acid. 
Arsenic  acid  is  employed  in  the  preparation  of  magenta 
and  some  other  aniline  dyes,  becoming  reduced  to 
arsenious  acid  during  the  process.  If  the  dye  is  not 
properly  freed  from  the  arsenious  acid,  then  injurious 
effects  may  follow  from  the  employment  of  articles 
coloured  with  such  dyes,  such  as  socks,  gloves,  Cre- 
tonne and  other  hangings.  Red  aniline  dyes  are  also 
sometimes  used  for  giving  a colour  to  liqueurs,  syrups, 
sweetmeats,  and  raspberry  vinegar ; and  here,  again, 
injurious  effects  might  follow  from  the  taking  of  such 
coloured  articles  if  the  dye  contained  arsenic.  A 
potassium  arseniate  (K2HAs04)  is  contained  in  some 
fly-papers,  flies  being  readily  killed  by  imbibing  a 
small  quantity  of  a solution  of  this  salt. 

Two  salts  of  arsenic  acid  are  used  in  medicine,  viz. 
sodium  arseniate  ( see  page  227)  and  ferrous  arseniate 
(see  Iron  salts). 

Arsenious  chloride  (AsC13)  is  prepared  by 
burning  powdered  arsenic  in  dry  chlorine,  or  by  dis- 
tilling a mixture  of  arsenious  anhydride,  sodium 
chloride,  and  concentrated  sulphuric  acid.  It  is  a 
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colourless  volatile  liquid,  decomposed  by  water  into 
arsenious  and  hydrochloric  acids. 

AsCl,  + 3H20  = H3As03  + 3HC1 

Arsenious  Water.  Arsenious  Hydrochloric 

chloride.  acid.  acid. 


Ars-enioiis  iodide  (Asl3)  is  prepared  by  direct 
union  of  its  elements  or  by  dissolving  arsenious 
anhydride  in  hydriodic  acid.  An  aqueous  solution, 
containing  1 per  cent,  of  this  arsenious  iodide  and 
1 per  cent,  of  mercuric  iodide,  with  an  excess  of 
potassium  iodide,  forms  Donovan’s  solution  ( Liquor 
arsenii  et  hydrargyri  iodidi,  B.  P.). 


Tests  for  Arsenic. 


(ij\  Sulphuretted  hydrogen 
solution  of  arsenious  acid,  a 


gives,  w7ith  an  acid 
yellow^  precipitate  of 


A 


Fig  25  —Sublimate  of  Metallic  Arsenic  in  a Berzelius’s  Reduction 
‘ Tube. 


arsenious  sulphide,  which  is  soluble  in  alkalies  and  in 
ammonium  sulphide. 

fii)  If  a small  quantity  of  white  arsenic  is  mixed 
with  a reducing  agent  containing  carbon,  such  as 
black  flux  (a  mixture  of  potassium  carbonate  and 
charcoal,  obtained  by  heating  acid  tartrate  of  potassium 
in  a covered  vessel),  and  the  mixture  introduced  into 
a Berzelius’s  reduction  tube,  and  then  heat  applied  to 
the  bulb  containing  the  mixture,  a sublimate  of 
metallic  arsenic  of  an  iron-grey  colour  will  be  ob- 
tained on  the  cool  part  of  the  tube  just  above  the 
constriction.  (Fig.  25,  A being  the  sublimate  of  the 
metallic  arsenic.) 
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If  the  portion  of  the  tube  containing  the  sublimate 
A be  cut  off  with  a file,  and  then  broken  into  frag- 
ments, and  the  fragments  introduced  into  a dry  test- 
tube,  on  applying  heat  to  the  bottom  of  the  latter, 
whilst  holding  it  in  an  almost  horizontal  position,  with 
the  mouth  of  the  tube  partially  covered  by  the  thumb, 
the  arsenic  will  volatilise  and  oxidise  to  arsenious 


Fig.  26.— Crystals  of  Arsenious  Oxide  (magnified). 


oxide,  which  will  deposit  on  the  cool  part  of  the  tube 
in  small  brilliant  crystals,  consisting  of  perfect  and 
imperfect  octahedra.  If  the  portion  of  the  tube  con- 
taining the  sublimate  be  viewed  under  a microscope, 
using  a i-in.  or  |-in.  objective,  the  crystals  will  present 
the  characteristic  appearances  shown  in  Fig. -26. 

(iii)  Reinsctis  test. — This  very  delicate  test  for 
arsenic  consists" in  boiling,  for  a short  time,  a strip  of 
bright  copper  foil  in  a solution  of  arsenious  acid,  to 
which  one-sixth  its  volume  of  hydrochloric  acid  has 
been  added.  The  metal  arsenic  deposits  on  the  surface 
of  the  copper  as  a dull  grey  film.  The  acid  liquid  is 
then  poured  off'  from  the  slip  of  copper,  and  the  latter 
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washed  two  or  three  times  with  water  and  dried, 
firstly  by  pressure  between  folds  of  blotting-paper,  and 
lastly  by  carefully  warming  it  some  distance  above 
the  Bunsen  flame.  The  strip  of  copper,  with  the 
deposit  of  arsenic  on  it,  is  now  transferred  to  a dry 
test-tube,  and  heat  is  applied  in  a manner  similar  to 
that  described  in  the  previous  test,  when  the  arsenic 


Fig.  27.— Apparatus  for  Marsh’s  Test. 


volatilises  and  oxidises  to  arsenious  oxide,  which  forms 
a crystalline  deposit  on  the  cool  part  of  the  tube, 
presenting  under  the  microscope  the  characteristic: 
appearances  shown  in  Fig.  26. 

Reinsch’s  test  may  be  employed  for  the  detection  of 
arsenic  in  wall-paper.  Some  of  the  paper  is  cut  into 
small  pieces,  which  are  then  digested  in  diluted 
hydrochloric  acid  with  heat  for  a few  minutes  ; the' 
acid  liquid  is  poured  off,  boiled  with  a strip  of  bright 
copper,  and  the  test  proceeded  with  in  the  manner 
just  described. 

{Tv)  Marsh’s  test. — This  delicate  test  for  arsenic 
depends  upon  me  conversion  of  the  arsenic  into 
arseniuretted  hydrogen,  and  obtaining  from  the  latter 
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a deposit  of  metallic  arsenic.  Hydrogen  is  generated 
in  a suitable  apparatus  (Fig.  27)  from  pure  zinc 
and  dilute  sulphuric  acid  ; the  gas  is  <tr.ied  by  passing 
through  a calcium  chloride  tube  (a  in  Fig.  27),  and  is 
then  ignited  as  it  escapes  from  the  end  of  the  tube 
bent  at  right  angles. 

If  some  solution  of  arsenious  acid  is  now  poured 
into  the  apparatus  by  means  of  the  long  funnel,  the 
nascent  hydrogen  produces  arseniuretted  hydrogen 
(AsH3),  the  production  of  which  is  quickly  indicated 
by  the  hydrogen  flame  becoming  a pale  livid  colour. 

H3As03  + 3H2  = AsHn  + 3H20 

Arsenious  Hydrogen.  Arseniuretted  Water 

acid.  hydrogen. 

In  arseniuretted  hydrogen  the  two  elements  are 
so  loosely  combined  that  a low  red-heat  is  sufficient 
to  decompose  the  compound  into  metallic  arsenic  and 
hydrogen ; the  gas,  therefore,  when  passed  through 
a glass  tube,  the  central  portion  of  whi  h is  made 
red-hot,  deposits  a mirror  of  metallic  arsenic  on  the 
cooler  parts  of  the  tube  just  beyond  the  heated 
portion.  The  same  decomposition  is  taking  place 
when  arseniuretted  hydrogen  is  inflamed  in  the  air ; 
the  high  temperature  of  the  flame  decomposes  the  un- 
burnt gas  in  the  interior  of  the  flame  into  arsenic 
and  hydrogen,  and  it  is  this  finely-divided  metallic 
arsenic  which  imparts  to  the  flame  its  pale  livid 
colour.  The  presence  of  this  metallic  arsenic  in  the 
interior  of  the  flame  is  readily  proved,  and  constitutes 
the  final  stage  of  Marsh’s  test ; for  if  a piece  of  cold 
white  porcelain,  such  as  an  evaporating  dish  or 
porcelain  crucible  lid  (b  in  Fig.  27),  is  pressed  down 
upon  the  flame  for  a moment  or  two,  the  cold  porcelain 
becomes  coated  with  a round  blackish-grey  stain  of 
metallic  arsenic  at  the  spot  where  the  flame  touched 
it.  This  spot  of  metallic  arsenic  readily  dissolves  in 
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solution  of  chlorinated  lime  or  chlorinated  soda,  and 
so  can  be  distinguished  frmn  f-Ke  gafa'mnny  °prtfy 
which  is  obtained  under  similar  conditions  (see 
page  294).  To  detect  arsenic  in  wall-paper  by  means 
of  Marsh’s  test,  it  is  simply  necessary  to  introduce 
into  Marsh’s  apparatus  some  of  the  acid  liquid  obtained 
by  digesting  pieces  of  the  paper  in  diluted  hydrochloric 
acid  with  heat,  the  test  being  then  proceeded  with  in 
the  usual  way. 

In  employing  Marsh’s  test,  care  must  be  taken 
thaTlitl  UllbUkut  arseniiiTSTTSnT^11  dfo^'bli  btUJilJWii  into" 

* mg1  aiiflggpiM'b  M wm  it  "H  rar 

powerful"  "poison,  being,  in  fact,  more  poisonous  than 
any  ot n er  arsenical  compound. 

M If  to  an  aqueous  solution  of  arsenious  acid 
sonre^coppev  sulnhate  be  added,  and  then  a drop  or 
two  or^oliition  of  ammonia,  a bright  erreen  precipitate 


arsenious  acid 


. 7 a drop  or  two 

of  dilute  solution  of  ammonia,  a bright  yellow  precipi- 
tate of  silver  arsenite  will  be  obtained.  This  reaction 
may  be  applied  to  the  detection  of  arsenic  in  wall  f 
paper;  about  a square  inch  of  the  paper,  with  the  ? 
coloured  surface  uppermost,  is  placed  in  a small 
porcelain  dish,  distilled  water  is  poured  on  so  as  just 
to  cover  the  paper,  and  a few  drops  of  solution  of 
ammonia  are  added ; after  standing  for  a minute  or 
two,  a crystal  of  silver  nitrate  is  dropped  into  the 
dish  on  to  the  surface  of  the  piece  of  paper,  when,  if 
arsenic  be  present,  a yellow  deposit  of  silver  arsenite  ' 
will  occur  around  the  edge  and  over  the  surface  of 
the  crystal.  This  test  depends  upon  the  solubility 
of  Scheele’s  green  (copper  arsenite)  in  aT "weak  solu- ; 
tion  of  ammonia,  and  the  precipitation  from  this 
solution  of  the  yellow  silver  arsenite,  in  presence  of 
an  excess  of  silver  nitrate. 
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pifiinction  between  Arsenious  and  Arsenic  Acids. 

If  to  an  aqueous  solution  of  arsenic  acid  some 
silver  nitrate  be  added,  and  then  a drop  or  two  of 
solution  of  ammonia,  a chocolate-coloured  precipitate 
of  silver  arseniate  will  be  obtained  ; this  test  serves 
To  distinguish  between  the  two  acids,  as  in  similar 
circumstances  arsenious  acid  will  give  a bright  yellow 
precipitate.  In  like  manner,  neutral  solutions  of. 
arseniates  will  at  once  give  a chocolate  precipitate! 
and  neutral  solutions  of  arsenites  a yellow  precipitated 
with"  sil^drrt^raTnT 

ANTIMONY. 


f 


Symbol,  Sb  ; pentad  and  triad ; atomic  weight,  120-4  ; 
specific  gravity,  6 -6  ; melts,  629°. 

Natural  compounds  of  antimony.  — The 

sulphide  of  antimony  (SboS3)  is  the  principal  natural 
compound  of  this  metal ; it  is  known  as  grey  antimony 
ore,  and  in  the  form  of  powder  as  black  antimony. 

Preparation  and  properties  of  tlic  melal 
antimony. — This  is  obtained  by  heating  together 
the  native  sulphide  of  antimony  and  metallic  iron, 
the  iron  uniting  with  the  sulphur  to  form  ferrous 
sulphide,  and  setting  free  the  antimony. 

SboS8  + 3Fe  = 2Sb  + 3FeS 

Antimony  Iron.  Antimony.  Ferrous 

sulphide.  sulphide. 

Crude  antimony  contains  arsenic,  from  which  it 
can  be  purified  by  fusing  with  some  sodium  carbonate 
and  potassium  nitrate,  and  well  stirring  the  mixture, 
when  the  arsenic  becomes  converted  into  sodium 
arseniate. 

Antimony  is  a hard,  brittle,  white  metal;  when 
heaTecT'befm'C  the 'blowpipe  it  burns,  giving  a white 
vapour  of  the  oxide  ; it  is  contained  in  type-metal , an 
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alloy  of  lead  and  antimony  and  tin,  and  in  britannia - 
metal , an  alloy  of  tin  and  antimony. 

Antimony  trioxide  or  antimonious  oxide 

(Sb?03)  is  prepared  by  pouring  the  acid  solution  of 
antimony  trichloride  into  water,  by  which  means 
a white  precipitate  of  oxychloride  of  antimony  is 
thrown  down. 

12SbCl3  + 15H20  = 2SbCl3,  5Sb2Og  + 30HC1 

Antimony  Water.  Antimony""  ° Hydrochloric 

trichloride.  oxychloride.  acid. 

This  precipitate  is  then  stirred  up  with  solution 
of  sodium  carbonate,  which  abstracts  the  chlorine 
from  the  oxychloride,  producing  the  pure  antimony 
trioxide,  which  is  of  a light  buff  colour. 

2SbCls,  5Sb303  + 3Na2C03  = 6Sb20g  + 

Antimony  Sodium  Antimony 

oxychloride.  carbonate.  trioxide. 

6NaCl  + 3C02 

Sodium  Carbon 

chloride.  dioxide. 

Antimony  pcntoxidc  or  antimonic  oxide 

(Sb205)  is  prepared  by  the  action  of  nitric  acid  on 
the  metal  antimony. 

Antimony  Salts. 

There  are  two  classes  of  antimony  compounds,  the 
antimonious  and  antimonic , resembling  the  two  classes 
of  arsenical  compounds ; in  the  antimonious  com 
pounds  the  antimony  is  only  exerting  part  of  its 
atomicity  as  a triad,  whereas  in  the  antimonic  com- 
pounds it  is  exerting  its  full  atomicity  as  a pentad. 

Antimoiiiiy^  or  antimonious 

cliloriae  (SbUlJ. — /Tjt  fThis  may  be  prepared  by 
direct  union  of  the  elements  \ if  powdered  metallic 
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antimony  is  thrown  into  a jar  of  chlorine,  it  will 
catch  fire,  producing  antimony  trichloride. 

2Sb  + 3C12  = 2SbCl3 

Antimony.  Chlorine.  Antimony 

trichloride. 


is  b 


(ii))  The  usual  method  of  preparing  this  chloride 
lie  action  of  strong  hydrochloric  acid  with  heat 


on  the  native  sulphide  01  antimony? 


Sb2S,  + 6HC1  = 2SbCl3  + 3H2S 

Antimony  Hydrochloric  Antimony  Sulphuretted 

sulphide.  acid.  trichloride.  hydrogen. 


Prepared  in  this  way  it  is  generally  of  a reddish- 
brown  colour  from  the  presence  of  iron  salts ; it  is  a 
strongly  acid  liquid,  commonly  known  as  butter  of 
antimony,  but  it  is  actually  a solution  of  antimony 
trichloride  in  hydrochloric  acid,  since  the  chloride 
itself  is  of  a buttery  consistence,  whence  its  common 
name.  The  true  butter  of  antimony  is  obtained  by 
evaporating  the  acid  solution  to  a low  bulk,  and 
distilling  the  residue,  when  the  antimony  trichloride 
condenses  in  the  neck  of  the  retort  as  a white,  semi- 
transparent mass. 

Antimony  pentacliloride  or  antinionic 
chloride  (SbCl5)  is  prepared  by  acting  on  the  tri- 
chloride with  chlorine. 


SbCl3  + Ok  = SbCl5 

Antimony  Chlorine.  Antimony 
trichloride.  pentachloride. 

Tartarated  antimony  (KSb0C4H406).  — This 
compound,'  commonly  known  as  tartar  emetic , is  a 
tartrate  of  potassium  and  antimony.  It  is  pre- 
pared by  mixing'  antimony  trioxide  and  potassium  acid 
tartrate  with  sufficient  water  to  form  a paste,  leaving 
it  for  twenty-four  hours,  as  the  two  substances  are 
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somewhat  sluggish  in  uniting,  and  then  boiling  the 
paste  with  water ; on  filtering,  and  concentrating 
the  solution  by  evaporation,  the  tartar  emetic  is 
obtained  in  crystals,  which  contain  a half  molecule  of 
water  of  crystallisation. 


Sb203  + 

Antimony 

trioxide. 


2KHC4H406  = 

Potassium 
acid  tartrate. 


2KSb0C4H406 

Tartar 

emetic. 


+ 


h2o 

Water. 


^It  will  be  noticed  in  this  compound  that  one  of 
^ a fcora  s of  the  tartaric  acid  is  replan  d 


ipaiTirated  antimony—Prepared  by  boiling 
native  black  sulphide  of  antimony  and  sulphur  with 
solution  of  caustic  soda,  filtering  and  precipitating  the 
sulphurated  antimony  with  diluted  sulphuric  acid, 
when  it  is  thrown  down  as  an  orange-red  precipitate. 
It  is  a mixture  of  the  sulphides  and  oxides  of  antimony, 
and  is  one  of  the  many  varieties  of  mineral  kermes , so 
called  from  their  similarity  in  colour  to  the  insect 
kermes  ; kermes  being  the  old  name  of  the  cochineal 
insect. 

Tests  for  Antimony. 

^^Hydrochloric  acid  gives,  with  a neutral  solu- 
tionofan  antimony  Bait*  (such  as  tartar  emetic  a 
white  precipitate  of  oxychloride  of  antimony,  soluble 
in  excess  ot  nydrocblp^  j ^ rH^’™  fa 

poured  into  water  the  oxychloride  is  again  pre- 
cipitated. 

(ii)  Sulphuretted  hydrogen  gives,  with  an  acid 
solution  of  an  antimony  salt,  an  orange-red  precipitate 
of  antimony  sulphide  (Sb2S8),  soluble  in  alkalies  and 
in  ammonium  sulphide. 
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(iiiij)  If  a solution  of  an  antimony  salt,  to  which 
suftftfent  hydrochloric  acid  is  added  to  dissolve  any 
precipitate  at  first  thrown  down,  he^  boiled  with  a 
> strip  of  bright  copper  foil,  a dark  grey  film  of  metallic 
antimony  will  be  deposited  on  the  copper ; if  the  strip 
. - of  copper  be  now  treated  in  a manner  precisely  similar 
to  that  described  in  connection  with  Reinsch  g test 
for  arsenic  ( see  page  286),  a white  sublimate  of  anti- 
mony oxide  will  be  obtained,  but  differing-  from  the 
arsenic  sublimate  in  that  it  is  amorphous,  and  that  it 
is  deposited  on  the  sides  of  the  tube  much  nearer  to 
the  copper  than  the  arsenic  sublimate,  on  account  of 
the  antimony  being  less  volatile  than  arsenic. 

frv}  If  the  operations  described  under  Marsh’s 
test  tot  arsenic  (see  page  287)  be  repeated,  substituting 
an  antimony  salt  for  an  arsenical  compound,  then 
arit.imopiuretted  hydrogen  (SbHq)  will  be  evolved ; 
V antimoniuretted  hydrogen  communicates  a livid 
colour  to  the  burning  hydrogen  flame,  and  is 
decomposed  like  arseniuretted  hydrogen  at  a low 
red  heat,  a black  spot  of  metallic  antimony  being 
obtained  on  a cool  porcelain  dish  or  crucible  lid 
introduced  for  a moment  into  the  flame.  As  pre- 
viously mentioned,  this  antimony  snot  flfliTl  bA 
tinguished  from  the  arsenic  spot  "obtained  in  similar 
circumstances  by  being*  insoluble  in  solution  of 
^chlorinated  WTO  or  chlorinated  soda,  whereas  the 
arsehicT^&pot  readily  dissolves  in  either  of  these, 
solutions. 

~ ~(v)~If  a solid  antimony  compound  be  heated  on 
charcoal  with  sodium  carbonate,  a brittle  metallic 
globule  of  antimony  is  obtained  surrounded  by  a 
white  incrustation. 
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BISMUTH. 


Symbol,  Bi ; triad  ; atomic  weight,  208’ 1 y specific 
gravity,  9 9 ; melts  at  264°. 

Occurrence  in  nature. — Bismuth  occurs  in 
the  metallic  state  in  nature,  mixed  with  quartz  and 
other  earthy  substances  ; it  is  separated  by  melting 
it  away  from  these  impurities.  Bismuth  obtained 
in  this  way  is  generally  contaminated  with  variable 
quantities  of  the  metal  arsenic,  from  which  it  may  be 
purified  by  melting  it  with  potassium  nitrate,  and 
well  stirring  the  mixture,  when  the  arsenic  is  oxidised 
to  potassium  arseniate.  Bismuth  .is  a hard  brittle 
metal  with  a reddish  tinge.  .Hydrochloric  and  STTfi^ 
pit ll Pi l!  auidy  do  ROt  act  upon  it  in  the  cold.  Nitric, 
acid  dissolves  it  readily.  It  forms  various  fusibleV 
alloys,  the  most  useful  of  which  is  Wood’s  metal,  which/ 
contains  4 parts  by  weight  of  bismuth,  2 of  lead,  1 on 
tin,  and  1 of  cadmium;  it  melts  at  61°,  and  is  very!  t 
useful  for  taking  casts  ; it  is  quite  hard  when  cold.  \ 
Bismuth  oxide  (Bi203)  i s prepared  by  hoi  ling* 
bismuth  oxy nitrate  with  solution  of  caustic  soda;  it 
is  a yellow  powder. 


2BiONO,  + 


Bismuth 
oxy  nitrate. 


2NaHO 

Sodium 

hydrate. 


— ^2^3 


Bismuth 

oxide. 


2NaNOo  + 


Sodium 

nitrate. 


H2° 

Water. 


Bismuth  Salts. 


Bismuth  nitrate  (Bi(N08)3)  is  prepared  by  the 
action  of  strong  nitric  acid  on  bismuth. 


Bi  + 

Bismuth. 


4HNO,  = 


Nitric 


Bi(NOs)s 

Bismuth 

nitrate. 


1 \ + 

Nitrogen  \ 

dioxide. 


2H20 


Water. 
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Bismuth  ©xyuafirate  (BiONO.,  + 5H20). — 
This  compound  -is  derived  from  bismuth  nitrate,  by 
the  displacement  of  two  univalent  nitric  radicles  by 
the  dyad  oxygen  ; it  is  prepared  by  pouring  bismuth 
nitrate  into  water,  when  it  is  thrown  down  as  a white 
precipitate. 

Bi(N03)s 

Bismuth 
nitrate. 


+ 


H00 

Water. 


= BiONOo  + 2HNO. 


Bismuth 

oxyriitrate. 


Nitric 

acid. 


It  is  largely  used  in  medicine  under  the  name  of 
subnitrate  of  bismuth  ( Bismuthi  subnitras)  } it  is  also 
employed  as  a cosmetic  or  face-powder  under  the 
name  of  Pearl  white  (Blanc  de  Perle). 

Bismuth  oxy  carbonate  ((Bi0  02C03)2  + HsO). 
— This  compound  may  be  regarded  as  bismuth  oxide 
(Bi003),  from  which  one  atom  of  oxygen  is  displaced 
by  an  equivalent  quantity  of  the  dyad  carbonic  radicle. 
It  is  prepared  by  pouring  bismuth  nitrate  into  a. 
solution  of  ammonium  carbonate. 

■Up,  . >*  .. 

2Bi(N03)3  + 3(N  H4)2C03  = Bi202C03  + 

Bismuth  Ammonium  Bismuth 

nitrate.  carbonate.  oxycarbonate. 

6NH4N03  + 2C02 

Ammonium  Carbon 

nitrate.  dioxide. 

This  compound  is  also  extensively  used  in  medicine 
under  the  name  of  carbonate  of  bismuth  ( Bismuthi 
carbouas). 

Tests  for  Bismuth. 

0 If  any  acid  salt  of  bismuth  is  concentrated 
and  then  poured  into  an  excess  of  water,  a white 
oxysalt  is  precipitated. 


*•* 


■'  o* 
y» 


Tests  for  Bismuth. 


297 


salts. 


(in  Hydrochloric  acid  added  to  a neutral  solution 
of  a bismuth  salt  gives  a white  precipitate  of  bismuth  * 
oxychloride,  soluble  in  excess  of  hydrochloric  acid. 
The.  only  other  metal  yielding  a white  precipitate  with 
hydrochloric  acid,  soluble  in  excess  of  the  acid,'  is 
antimony  ; the  two  metals  can  be  readily  distinguished 
by  the  different _ colours  of  their  sulphides,  as  pre- 
cipitatea  by  sulplmreTted  hydrogen,  the  sulphide  of 
bismuth  being  black  and  the  sulphide  of  antimony 
orange  red.  The  oxychloride  of  antimony  is  also 
^soluble  in^artaric  acid,  m which'  the  corresponding 
^osmuTlT^comp  lfe  insoluble. 

m)  Sulphuretted  hydrogen  gives  with  bismuth 
^brownish-black  precipitate  of  bismuth  sulphide. 
[iv^Tf  a solid  compound  of  bismuth  be  heated  on 
chami'al  with  sodium  carbonate,  a brittle  bead  of 
bismuth  is  obtained  surrounded  with  an  orange 
incrustation. 

The  metals  arsenic,  antimony  and  bismuth 
have  many  points  of  analogy  with  the  non-metals 
nitrogen  and  phosphorus.  They  are  all  triads  and 
pentads.  Arsenic  and  antimony  form  compounds 
with  hydrogen  AsH3  and  SbH3,  which  are  gases 
having  strong  odours,  just  as  nitrogen  and  phosphorus 
form  ammonia  and  phosphine.  Arsenic,  antimony 
and  bismuth  are  all  brittle  metals.  They  form  two 
principal  oxides,  As203,  As205,  etc.,  and,  as  in  the  last 
family  (page  278),  the  acid  character  of  the  oxides 
decreases  as  the  atomic  weight  of  the  element  rises. 
The  arsenates  crystallise  in  the  same  form  as  the 
corresponding  phosphates,  and  both  these  salts  give 
a crystalline  precipitate  with  magnesium  sulphate 
in  the  presence  of  ammonium  salts. 
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Symbol , Cr. ; liexad ; atomic  weighty  52-2;  specific 

gravity , 6 '29. 

The  principal  compound  of  chromium  occurring  in 
nature  is  chrome  iron  ore  (FeO,  Cr303). 


pound,  known  also  as  yellow  chromate  of  potash , is 
prepared  from  chrome  iron  ore  by  fusing  it  with 
potassium  carbonate  and  potassium  nitrate ; ferric 
oxide  and  potassium  chromate  result,  the  latter  being 
dissolved  out  by  boiling  the  fused  mass  with  water. 

Potassium  dicliromate  (K2Cr04,Cr03). — 
This  is  more  commonly  called  bichromate  of  potash  or, 
on  account  of  its  colour,  red  chromate  of  potash.  It  is 
prepared  by  adding  to  a solution  of  potassium  chro- 
mate the  theoretical  quantity  of  sulphuric  acid,  when 
the  dichromate  crystallises  out  on  cooling. 


CHROMIUM. 


+ h,so4 


<6  / 
Potassium 
dicliromate. 


KnCr207 


Potassium 

chromate. 


Sulphuric 

acid 


+ H,0 


Potassium 

sulphate. 


Water. 
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Chromic  oxide  (Cr203).  — Green  oxide  of 
chromium  may  be  prepared  by  strongly  heating  am- 
monium dichromate. 

Chromic  anhydride  (Cr03). — Red  oxide  of 
chromium  is  obtained  by  mixing  together  two 
volumes  of  a saturated  solution  of  potassium 
dichromate  and  three  volumes  of  strong  sulphuric 
acid ; as  the  mixture  cools,  the  chromic  anhydride 
crystallises  out  in  long  slender  needles  of  a bright 
crimson  colour. 

K3Cr04,Cr03  + H2S04  = 2Cr03  + 

Potassium  Sulphuric  Chromic 

dichromate.  acid.  anhydride. 

K0S04  + H00 

Potassium  Water. 

sulphate. 

Chromic  anhydride  is  used  as  a powerful  caustic 
under  the  name  of  chromic  acid  ( Acidum  chromicum ) ; 
it  is  the  anhydride  of  chromic  acid,  into  which  it  is 
conv'erted  by  dissolving  in  water. 

Cr03  + HoO  = H2Cr04 

Chromic  Water.  * Chromic 

anhydride.  acid. 

Solutions  of  chromic  acid  and  potassium  bichro- 
mate are  much  used  for  hardening  tissues  for  histo- 
logical purposes.  A solution  of  gelatin  containing 
10  per  cent,  of  potassium  bichromate  becomes,  after 
^posure  to  light,  insoluble  in  hot  water. 

' Chrome  alum  (Cr2(S04)3,K2S04  + 24H20).— 
This  is  prepared  by  heating  potassium  dichromate  with 
sulphuric  acid  in  presence  of  some  reducing  agent 
such  as  alcohol,  sulphur  dioxide,  hydrogen  sulphide, 
nascent  hydrogen,  etc. 
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K2Cr207  + H2S04  + 3S02  + 23H20 

Potassium  Sulphuric  Sulphur  Water, 

bichromate.  acid.  dioxide. 


Cr2(S04)3 


+ K3S04  + 

Chrome  alum. 


24H20 


Tests  for  Chromium. 

If  a chromium  salt  be  fused  with  sodium  carbonate 
and  potassium  nitrate  on  a piece  of  platinum  foil,  the 
yellow  sodium  chromate  is  formed  ; on  dissolving  this 
in  boiling  water,  and  acidifying  the  solution  with 
icetic  acid,  a yellow  precipitate  (lead  chromate)  will 
?e  obtained  on  the  addition  of  lead  acetate. 

If  a solid  chromium  compound  be  fused  into  a 
borax  bead,  the  latter  is  coloured  green. 

MANGANESE. 

Symbol , Mn  ; hexad ; atomic  weight,  55. 

The  chief  natural  compound  of  manganese  is 
the  black  oxide  of  manganese  or  pyrolusite  (MnQ9). 

Langane'se  exerts  its  full  atomTcity^as  a 'hexad  in  the 
manganates  and  permanganates ; in  the  black  oxide 
of  manganese  it  only  exerts  the  atomicity  of  a 
tetrad,  whilst  in  manganous  sulphate  (MnS04)  and 
manganous  chloride  it  acts  as  a dyad  only.  The  metal 
is  added  to  Bessemer  steel  to  improve  its  quality. 

Manganous  sulphate  (MnS04  + 7H20). — 
When  manganese  dioxide  is  heated  with  strong 
sulphuric  acid,  oxygen  is  evolved  and  manganous 
sulphate  produced. 

2Mn02  + 2H2S04.  = 2MnS04  + 2ILO  + 02 

Manganese  Sulphuric  Manganous  Water.  Oxjgen. 

dioxide.  acid.  sulphate. 

Manganous  chloride  (MnCU. — This  coim 
poundisoUained  as  a by-product  in  the  preparation 
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of  clilorine  from  manganese  dioxide  and  hydrochloric 
acicl  (si  >’  page  1 28).  The  manganous  salts  are  pale  pin k. 

Potassium  manga  mate  and  permanga- 
11  ate. — The  latter  of  these  compounds  is  the  most 
important  manganese  preparation,  from  the  medical 
point  of  view.  (For  their  preparation  and  properties, 
see  pages  218,  219.) 

Tests  for  Manganese. 

Ammonium  sulphide  throws  down  a flesh- 
coloured  precipitate  of  manganous  sulphide. 

iTiy 'Solution  of  ammonia  gives  a white  precipi- 
tate 01  manganous  hydrate,  which  darkens  on  exposure 
to  the  air,  owing  to  absorption  of  oxygen  and  conver- 
sion into  the  black  oxide  of  manganese. 

(iii)  If  a manganese  salt  is  fused  with  sodium 
carbonate  and  potassium  nitrate  on  a piece  of  platinum 
foil,  the  green  sodium  manganate  is  obtained  ; if  this 
be  boiled  with  water,  a red  solution  is  obtained,  owing 
to  the  conversion  of  the  manganate  into  the  per- 
manganate. 

(iv)  If  a manganese  compound  be  fused  into  a 
borax  bead,  the  latter  is  coloured  amethyst  in  the 
outer,  but  remains  colourless  in  the  inner  flame. 

IRON. 

Symbol , Fe  ; triad  and  dyad;  atomic  weight , 56; 
specific  gravity , 7 ‘8  to  8T. 

Natural  compounds  of  Iron. — (i)  The  im- 
portant ore  red  haematite  consists  of  ferric  oxide 
(Fe203) ; brown  haematite  is  a ferric  oxy hydrate,  (ii) 
Magnetic  iron  ore  or  loadstone  consists  of  ferroso- 
ferric  oxide  (Fe0,Fe203).  (iii)  Spathic  iron  ore  is  an 
impure  ferrous  carbonate  (FeC03) ; it  is  found  in 
England  mixed  with  clay,  and  constitutes  clay  iron- 
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stone,  (iv)  Iron  occurs  to  a small  extent  in  the  free 
state  in  nature  in  the  form  of  meteorites,  which  are 
masses  of  iron  that  have  fallen  on  to  the  earth’s 
surface  from  extra-terrestrial  space,  (v)  Iron  also 
occurs  largely  in  iron  pyrites  (FeS2),  but  this  is 
not  used  as  an  iron  ore. 

Before  studying  the  preparation  of  metallic  iron 
from  its  ores  it  will  be  advantageous  to  state  shortly 
the  enormous  influence  that  comparatively  small 
flflyhS  oi"  carbon  exert  on  the  physical  and  chemical 
^properties  of  iron/-  — — 

^ ‘ '^rougXi  iron  ‘ contains  less  thanK)'2lper  cent,  of 
carbonpit"  is^'PTtTremely  malleable,  mfusible  in  any 
ordinary  furnace,  very  tough,  and  when  made  white 
hot  it  becomes  pasty,  so  that  two  pieces  when  brought 
together  white  hot  and  hammered  can  be  welded 
together. 

^^^contains  fron(0-3  to  1*4/ per  cent,  of  carbon, 
is  malleable,  can  be  fusPrb'iiX  a furnace  with  a good 
draught,  and  can  be  welded  ; but  its  most  important 
property  is  that  it  can  be  tempered , i.e.  its  hardness 
can  be  altered  by  the  rate  at  which  it  is  cooled  ; if, 
for  instance,  when  red  hot  it  is  plunged  into  cold 
water,  it  is  hard  enough  to  scratch  glass,  but  is  very 
brittle;  if,  on  the  other  hand,  it  be  allowed  to  cool 
gradually  it  is  almost  as  soft  and  malleable  as 
wrought  iron.  . 

.Cyst  iron  contains  from  2 to  5 £er  cent,  of 


carbon,  it  is  comparatively  hard  and  brittle,  easily 
fusible,  and  cannot  be  welded.  If  it  is  cooled  quickly 
its  fracture  is  usually  white,  if  it  is  cooled  slowly 
some  of  the  carbon  separates  as  grey  particles  of 
graphite. 

Cast  iron  is  obtained  by  first  smelting  or  roasting 
the  iron  ore  in  air,  in  order  to  completely  convert  it 
into  ferric  oxide,  and  then  reducing  the  oxide  to  the 
metallic  state  by  strongly  heating  with  coke  or  coal 
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in  presence  of  some  limestone ; this  reduction  of  the 
ferric  oxide  requires  a very  high  temperature,  and  is 


Fi^.  28.— Section  of  a Blast  Furnace. 


carried  out  in  the  blast-furnace  (Fig.  28).  This 
furnace  is  constructed  of  very  solid  masonry  lined 
with  firebricks,  and  reaches  from  60  to  80  feet  in 
height;  it  is  fed  from  the  top,  alternate  layers  of 
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roasted  iron  ore  mixed  with  limestone  and  coke  or 
coal  being  shot  in  from  trucks. 

The  furnace  is  supplied  at  the  lower  part  with  a 
powerful  blast  of  air  forced  through  pipes  called 
tuyeres,  one  of  which  is  shown  in  the  figure  at  a;  this 
air  is  heated  previous  to  being  forced  into  the  furnace, 
the  hot  gases  from  the  top  of  the  furnace  being  em- 
ployed for  this  purpose ; to  prevent  the  escape  of  these 
gases  a cap  or  hood  (not  shown  in  the  figure)  is  placed 
over  the  top  of  the  furnace,  the  gases  being  conducted 
by  pipes  issuing  from  near  the  top  of  the  furnace  to  a 
chamber  through  which  the  pipes  conveying  the  blast 
of  air  circulate ; by  thus  using  a blast  of  heated  air  a 
much  higher  temperature  is  obtained  within  the  fur- 
nace. Some  of  the  carbon  burns  to  form  carbon 
dioxide,  which  with  the  remaining  red-hot  carbon 
produces  carbon  monoxide,  a very  powerful  reducing 
agent,  and  this  gas  in  its  passage  over  the  lumps  of 
heated  ferric  oxide  abstracts  the  oxygen,  forming- 
carbon  dioxide,  and  setting  free  the  metal. 

Fe203  + 3CO  = 2Fe  + 3C02 

Ferric  Carbon  Iron.  Carbon 

oxide.  monoxide  dioxide. 

The  metal  iron,  in  a soft  or  spongy  condition, 
gradually  settles  down  towards  the  bottom  of  the 
furnace  \ when  it  arrives  at  the  hottest  part  (b  in 
figure),  it  takes  up  from  4 to  5 per  cent,  of  the  carbon, 
melts,  and  then  accumulates  in  the  molten  state  at  the 
bottom  of  the  furnace  (c  in  figure).  The  function  of 
the  limestone  is  to  combine  with  impurities  originally 
present  in  the  iron  ore  (mainly  silica  and  phosphates), 
which  it  does  by  forming  a fusible  silicate  of  calcium 
Mid  alumina,  or  slag , and  so  prevents  the  silica 
and  phosphates  from  interfering  with  the  running 
together  of  the  melted  cast  iron.  This  fusible  slag 
also  trickles  down  towards  the  base  of  the  furnace, 
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but  being  much  lighter  than  the  molten  iron,  it  floats 
on  the  top  of  it,  and  flows  out  through  a suitable 
opening  in  the  side  of  the  furnace.  At  the  base  of 
the  furnace  the  molten  cast  iron  is  run  out  from  time 
to  time  through  an  opening  which  is  temporarily 
blocked  up  witli  clay ; it  is  run  into  channels  made 
in  sand,  and  solidifies  into  bars  technically  known  as 
-pig-iron.  If  cast  iron  be  treated  with  diluted  sulphuric 
or  hydrochloric  acid,  the  iron  will  dissolve  in  the  acid 
with  evolution  of  hydrogen,  and  the  minute  crystals 
of  graphite  will  be  left  insoluble,  whilst  the  carbon 
combined  with  the  iron,  as  carbide  of  iron,  will  unite 
with  some  of  the  escaping  hydrogen  and  form  hydro- 
carbon gases  possessing  a peculiar  and  rather  disagree- 
able odour. 

Wrought  iron  is  prepared  by  burning  out  the 
carbon  from  cast  iron,  which  can  be  effected  by  melt- 
ing the  cast  iron  in  the  bed  of  a reverberatory  furnace, 
and  then,  while  a current  of  hot  air  is  passing  over 
the  surface  of  the  molten  iron,  well  stirrino-  or 
puddling  it  so  as  to  freely  expose  it  to  the  action  of 
the  oxygen  ; in  this  way  the  carbon  of  the  cast  iron 
is  gradually  burnt  out,  and  as  the  less  easily  fusible 
wrought  iron  is  produced,  the  metal  assumes  a pasty 
condition.  As  the  wrought  iron  is  formed  it  is  taken 
out  in  lumps,  which  after  hammering  are  rolled  out. 

During  this  process,  known  as  the  “puddling 
piocess,  the  iron  loses  sulphur  and  phosphorus  as 
well  as  carbon,  and  so  is  much  improved  in  tough- 
ness. & 

Steel  is  intermediate  in  composition  between  cast 
iron  and  wrought  iron,  and  it  is  obvious  that  it  may 
be  prepared  (a)  by  abstracting  part  of  the  carbon  from 
cast  iron,  till  the  percentage  of  carbon  is  reduced 
sufficiently  ; (6)  by  the  addition  of  carbon  to  wrought 
iron,  so  as  to  raise  the  percentage;  (c)  by  mixing 
cast  iron  and  wrought  iron  in  such  proportions  that 
u 
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the  mixture  shall  contain  0'3  to  1’4  per  cent,  of  caibon. 
These  are  the  three  methods  actually  employed,  the 
first  being  known  as  the  Bessemer  process,  the  second 
the  old  or  Cementation  process,  and  the  third  the 
Siemens-Martin  process. 

Oh  Bessemer  process. — This  consists  in  burning 
out  the  carbon,  in  cast  non,  by  passing  a current  ot 
*air  through  melted  cast  iron.  The  Bessemer  converter 
consists  of  a large  egg-shaped  vessel  lined  with 
powdered  flint  and  provided  with  openings  at  the 
base,  through  which  a current  of  air  can  be  foiced  , 
molten  cast  iron  is  run  in,  and  the  air  passed 
through  it,  the  oxygen  of  the  air  rapidly  burning 
away  most  of  the  carbon  ) enough  u spiegeleisen  (a 
variety  of  cast  iron  containing  manganese)  is  then 
added  to  impart  the  necessary  amount  of  carbon  and 
manganese,  a small  quantity  of  the  latter  element 
notably  improving  the  quality  of  the  steel.  It  is 
almost  impossible  to  estimate  the  value  of  this  process, 
it  has  practically  given  us  a new  material,  in  cheap 
steel.  In  1856,  when  the  Bessemer  process  was  first 
used,  steel  cost  £50  a ton,  now  it  can  be  made  for  £6 
a ton.  The  original  Bessemer  process  suffered  from 
the  defect  that  as  the  lining  of  the  converter  was 
silica,  an  acid  oxide,  all  the  phosphorus  in  the  cast 
iron  passed  into  the  steel,  necessitating,  therefore,  the 
use  of  a cast  iron  free  from  phosphorus.  This  defect 
has  been  completely  overcome  by  Thomas  and  Gil- 
christ, who  substituted  a basic  oxide  (a  mixture  of 
lime  and  magnesia)  for  the  powdered  flints.  The 
phosphorus  combines  with  the  basic  lining  and  passes 
into  the  slag,  which  is  sold  as  a manure,  leaving  the 
steel  free  from  this  fatal  impurity. 

(fb\  Cementation  process.— -Tmtliis,  the  old  process 
tor  producing  steel,  carbon  is  added  to  wrought  iron. 
It  is  carried  out  by  embedding  bars  of  wrought 
iron  in  charcoal  powder,  and  then  heating  to  blight 
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redness  for  some  days  ; carbon  is  gradually  taken 
up  by  the  wrought  iron,  probably  by  some  process 
of  diffusion,  and  steel  is  produced — the  product  is 
known  as  blister  steel;  this  is  melted  to  distribute 
the  carbon  more  equally  and  is  then  known  as  cast 
steel. 

(c)  Siemens- Martin  process.  — This  consists  in 
fusing  cast  iron,  and  then  adding  to  it  wrought  iron 
Imcr  a small  quantity  of  “ spiegeleisen,”  until  the 
percentage  of  carbon  is  brought  from  03  to  1-4. 

Properties  of  the  metal  iron.— Cast  iron  has 
a grey  colour,  and  a crystalline  or  granular  structure  ; 
as  previously  mentioned,  its  carbon  exists  partly  in 
the  form  of  minute  crystals  of  graphite  disseminated 
through  the  mass  of  the  iron,  and  partly  in  union 
with  some  of  the  iron  as  a carbide  of  iron.  Cast 
iron  melts  at  a lower  temperature  than  any  other 
form  of  iron. 

Wrought  iron  is  fibrous  in  structure,  and  therefore 
much  stronger  than  the  crystalline  or  granular  cast 
iron,  but  the  fibrous  texture  is  apt  to  undergo  a change 
into  the  granular  condition  when  exposed  to  lorm- 
continued  vibration.  All  forms  of  iron  are  rendered 
extremely  brittle  by  the  presence  of  silicon,  sulphur, 
or  phosphorus,  hence  the  importance  of  removing 
these  impurities  in  the  slag  during  the  preparation 
of  iron  in  the  blast  furnace.  Pieces  of  wrought  iron 
can  be  welded  or  joined  together  by  bringing  their 
clean  surfaces  in  contact  at  a red  heat  and  then 
hammering  them ; to  clean  their  surfaces  from  the 
film  of  oxide  of  iron,  which  is  produced  by  the  action 
of  the  air  on  the  heated  iron,  the  blacksmith  uses 
some  sand  as  a flux  previous  to  hammering  the 
silica  uniting  with  the  oxide  of  iron  forms  a fusible 
silicate  of  iron,  which  is  squeezed  out  during  the  pro- 
cess of  hammering,  and  so  allows  the  absolutely  clean 
metallic  surfaces  to  come  into  contact  and  unite. 
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Steel  is  of  a pale  grey  colour,  and  capable  of  taking 
a high  polish  ; it  is  finely  granular,  not  fibrous  in 
structure.  Hard  steel  is  prepared  by  heating  steel 
to  redness,  and  then  rapidly  cooling  it  by  immersion 
in  water  ; it  is  very  brittle  and  highly  elastic.  To 
toughen  or  i temper  steel,  it  is  gently  re-heated,  and 
when  the  desired  temperature  is  reached,  again 
rapidly  cooled. 

Reduced  iron  is  pure  iron  in  the  form  of  powder, 
obtained  by  passing  a stream  of  hydrogen  over  heated 
ferric  oxide ; the  oxygen  is  abstracted  as  water,  and 
the  iron  is  left  in  a finely  divided  state.  It  contains 
about  75  per  cent,  of  metallic  iron ; the  rest  is 
chiefly  oxide. 

Fe203  + 3H2  = 2Fe  -f  3H20 

Ferric  Hydrogen.  Iron.  Water. 

oxide. 

All  kinds  of  iron  are  magnetic — that  is,  capable  of 
being  attracted  to  and  picked  up  by  a magnet,  and 
also  capable  of  being  magnetised  ; soft  iron  readily 
becomes  magnetised  when  in  contact  with  a magnet, 
but  loses  its  magnetism  when  withdrawn  from  the 
magnet,  whereas  hard  steel  becomes  magnetised 
very  slowly,  but  when  once  magnetised,  retains  its 
magnetism  for  a long  period. 

Iron  remains  unchanged  in  dry  air  or  oxygen  at 
ordinary  temperatures,  but  in  moist  air  it  readily 
unites  with  oxygen  and  moisture,  forming  reddish- 
brown  rust,  a ferric  oxyhydrate.  At  a red-heat,  iron 
is  more  rapidly  oxidised  than  by  moist  air  at  ordinary 
temperatures,  as  is  well  seen  in  the  production  of 
the  forge  scales  that  collect  around  the  blacksmith’s 
anvil,  which  consist  of  the  black  magnetic  oxide  of 
iron. 

Barjf's  jirocess  for  the  prevention  of  rusting  of 
iron  consists  in  coating  the  iron  article  with  a film  of 
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tlie  hard  black  magnetic  oxide  (ferroso-ferric  oxide), 
which  effectually  prevents  further  oxidation  in  damp 
air ; to  effect  this  a current  of  steam  is  passed  for  a 
few  minutes  over  the  iron  article  raised  to  a red-heat. 


3Fe  + 4H20  = (Fe0,Fe203)  + 4H0 

Iron'  AVater.  Magnetic  oxide  Hydrogen. 

of  iron. 


. Action  of  acids  011  iron. -Dilute  sulphuric 
acid  acts  on  iron,  forming  ferrous"" Sulphate  and 
evolving  hydrogen. 

Fe  + H2S04  = FeSO.  + 

Iron.  Sulphuric  Ferrous 

acid.  sulphate. 

Strong  sulphuric  acid,  with  heat,  also  acts  on  iron, 
but  in  this  case  Avith  evolution  of  sulphur  dioxide. 


Fe  + 2H2SO, 

Iron.  Sulphuric 

acid. 


FeSO, 

Ferrous 

sulphate. 


so2 

Sulphur 

lioxide._ 


2H30 

Water. 


Hydrochlouc  acid  acts  on  iron,  forming  ferrous 
chloride,  and  evolving  hydrogen. 


Fe  + 2HC1 

Iron  Hydrochloric 

acid. 


FeCl2  + H2 

Ferrous  Hydrogen, 

chloride. 


Dilute  nitric  acid  acts  on  iron,  forming  ferric 
nitrate,  and  evolving  nitrogen  dioxide.  Strong  nitric 
acid  does  not  attack  iron.  — — 


Fe  T 4HNd 


Iron. 


Nitric 

acid. 


— Fe(N03)3 

Ferric 

nitrate. 


f NO  + 

Nitrogen  . 
dioxide. 


2H20 

Water. 


Ferrous  oxide  (Fep^  is  a black  powder  ob- 
tamed  by  heating  ferrous  oxalate  to  150u  in 
absence  of  airT“  " 11  ■■■  . 
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Ferrous  hydrate  (Fe(HO)2)  is  obtained  by  pre- 
cipitating a solution  of  ferrous  sulphate  with  KHO  in 
the  absence  of  air.  It  is  a white  substance,  very 


rapidly  absorbing  oxygen,  turning  dark  green  and 
then  gradually  rusty  brown. 

Ferric  hydrate  (FefHO)^  is  prepared  by  pre- 
cipitating a solution  of  ferric  sulphate  or  ferric 
chloride  with  an  alkali,  caustic  soda  being  generally 
employed  for  the  sake  of  cheapness. 


Fe2(S04)3  + 6NaH0  = 2Fe(HO)3  + 3Na2S04 

Ferric  Sodium  Ferric  Sodium 

•sulphate.  hydrate.  hydrate.  sulphate. 


Freshly  precipitated  ferric  hydrate  is  used  as  an 
antidote  in  cases  of  poisoning  by  arsenic,  the  reaction 
between  the  ferric  hydrate  and  the  arsenic  resulting 
m the  formation  of  the  insoluble  ferrous  arseniate. 

4Fe(HO)3  + As203  = Fe3(As04)3  + 

Ferric  hydrate.  Arsenic.  Ferrous  arseniate. 

Fe(HO),  + 5H;jO 

Ferrous  Water, 

hydrate. 

Freshly  precipitated  ferric  hydrate  dissolves  in  a 
solution  of  perchloride  of  iron,  forming  a dark  red 
solution  of  basic  chloride  of  iron  ; if  this  solution  be 
placed  in  a dialyzer,  the  greater  proportion  of  the 
hydrochloric  acid  of  this  basic  chloride  passes  through 
the  dialyzer,  leaving  a still  more  basic  chloride  of  iron. 

Freshly  precipitated  ferric  hydrate  is  also  used  in 
the  preparation  of  the  iron  scale  compounds,  which 
are  uncrystallisable  bodies  obtained  in  the  solid 
form  by  the  evaporation  of  their  solutions  to  a syrup, 
and  then  allowing  the  syrup  to  dry  in  scales.  Citrate 
of  iron  and  ammonium  ( Ferri  et  ammonii  citras) 
is  prepared  by  dissolving  ferric  hvdrate  in  a solution 
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of  citric  acid,  adding  ammonia,  evaporating  to  a syrup, 
and  drying  in  scales  ; it  is  a double  citrate  of  iron  and 
ammonium.  Citrate  of  iron  and  quinine  ( Ferri  et 
quinice  ciiras ) is  prepared  by  dissolving  ferric 
hydrate  and  quinine  in  a solution  of  citric  acid,  add- 
ing ammonia  (not  in  excess,  or  the  quinine  would  be 
precipitated),  evaporating  to  a syrup,  and  drying  in 
scales ; it  is  a triple  citrate  of  iron,  quinine,  and 
ammonium.  Tartarated  iron  (Ferrum  tartaratum) 
is  prepared  by  dissolving  ferric  hydrate  in  a 
solution  of  potassium  acid  tartrate,  evaporating  to  a 
syrup,  and  drying  in  scales ; it  is  a double  tartrate  of 
iron  and  potassium. 

Alkaline  bicarbonates,  which  are  incompatible  with 
most  iron  preparations,  can  be  prescribed  with  citrate 
of  iron  and  ammonium,  and  with  tartarated  iron, 
without  the  iron  being  precipitated ; they  would  not 
be  compatible  with  citrate  of  iron  and  quinine,  as  the 
quinine  would  be  thrown  down  by  alkaline  carbonates. 

ferric  oxide  (Fea<\)  is  prepared  by  further 
heating  ferric  hydrate. 

2Fe(HO)3  = Fe203  + 3PI00 

Ferric  Ferric  Water, 

hydrate.  oxide. 

It  may  also  be  prepared  by  roasting  crystals  of 
ferrous  sulphate  until  fumes  of  the  Nordhausen  sul- 
phuric acid  cease  to  be  evolved  ; this  variety  of  ferric 
oxide  passes  under  the  names  of  red  oxide  of  iron , 
mineral  rouge , Venetian  red , colcothar , and  crocus  ; 
it  is  used  for  polishing. 

Ferioso-fciiic  oxide  (Fe0,Fe203)  is  also 
knovvii  Us  blcltflT'oxnfte  6i  iron  and  magnetic  oxide  of 
iron.  It  may  be  prepared  (a)  by  passing  steam  over 
red-hot  iron — 

3Fe  + 4PI20  = Fe304  + 4H2 

h'on*  Water.  Ferroso-ferrie  oxide.  Hydrogen ; 
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(b)  by  precipitating  a mixed  solution  of  ferric  and 
ferrous  sulphates  with  caustic  soda,  when  the  black 
ferroso-ferric  hydrate  is  thrown  down 


Fe2(S04)3  -f  FeS04  + 

Ferric  Ferrous 

sulphate.  sulphate. 


SNaHO  = 

Sodium 

hydrate. 


Fe(HO)2,  2Fe(HO)3  + 4Na,SO. 

Ferroso-ferric  hydrate.  Sodium 

sulphate. 

This  when  heated  in  a closed  vessel  loses  water 
and  yields  the  ferroso-ferric  oxide. 


Fe(H°)„,  2Fe(HO)3  = FeO,  Fe203  + 4H„0 

Ferroso-ferric  hydrate.  Ferroso-ferric  Water. 

oxide. 


(c)  The  black  forge-scales , which  collect  around 
the  blacksmith’s  anvil,  consist  of  the  ferroso-ferric 
oxide. 

Iron  Salts. 

Two  classes  of  iron  salts  exist,  the  ferrous  and  the 
ferric  ; in  the  ferrous  salts  the  iron  is  only  exerting 
part  of  its  atomicity,  and  acting  as  a dyad ; whereas 
in  ferric  salts  it  acts  as  a triad. 


Ferrous  Salts. 

Ferrous  sulphate  (FeS04  4-  7H20).  — This 

salt  is  also  known  as  proto- sulphate  of  iron,  green 
vitriol , copperas,  and  green  copperas,  it  is  prepared 
0i  by  the  action  of  dilute  sulphuric  acid  on  iron 

Fe  + H2S04  = FeS04  + H, 

Iron.  Sulphuric  Ferrous  Hydrogen;, 

acid.  sulphate. 

0 by  the  action  of  dilute  sulphuric  acid  on  ferrous 
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sulphide,  this  being  the  ordinary  method  employed 
for  the  preparation  of  sulphuretted  hydrogen — 


FeS 

Ferrous 

sulphide. 


+ H2S04 

Sulphuric 

acid. 


= FeS04  + 


Ferrous 

sulphate. 


h2s 

Sulphuretted 
hydrogen  ; 


(c)  by  gently  roasting  iron  pyrites  (FeS2)  in  the  air. 

Ordinary  ferrous  sulphate  contains  seven  molecules 
of  water  of  crystallisation  (FeS04,  7H20).  By  care- 
ful heating,  six-sevenths  of  this  water  can  be  expelled, 
leaving  the  dried  sulphate  of  iron  (Ferri  sulphas 
exsiccatus)  of  the  composition  (FeS04,  H20).  If 
further  heat  be  employed,  so  as  to  expel  this  last 
molecule  of  water,  then  the  salt  is  decomposed,  ferric 
oxide  being  left  and  Nordhausen  sulphuric  acid 
evolved. 


^evi 


It  terrous  sulphate  be  exposed  for  some  time  to 
the  air,  it  loses  its  green  colour  and  becomes  brown, 
owing  to  the  absorption  of  oxygen  and  conversion  into 
basic  ferric  sulphate. 

Ferrous  sulphate  is  very  largely  employed  in  the' 
rpai^mn  of  black  writing-ink,  the  black  coloun  of 
which  is  due  to  tannate  of  iron  in  a finely-divided 
state  suspended  in  weak  mucilage,  the  tannic  acid 
being  furnished  by.  an  infusion  of  galls. 

Ferrous  chloride  (FeCl2).  — This  salt,  ali^ 
known  as  protochloride  of  iron,  is  prepared  by  the 
action  of  hydrochloric  acid  on  iron. 


Fe  + 2HC1  = FeClo 

Iron.  Hydrochloric  Ferrous 

acid.  chloride. 


+ h2 

Hydrogen. 


Ferrous  carbonate  (FeC03)  is  prepared  by 
mixing  together  solutions  of  ferrous  sulphate  and 
potassium  carbonate,  when  it  is  thrown  down  as  a 
precipitate. 


3i4 


Chemistry. 


[Partlll. 


FeS04  + K2C03  = FeCOg  + K2S04 

Ferrous  Potassium  Ferrous  Potassium 

sulphate.  carbonate.  carbonate.  sulphate. 

Ferrous  carbonate  is,  when  first  precipitated,  of  a 
white  colour,  but  quickly  turns  green,  and  ultimately 
brown  from  absorption  of  oxygen  from  the  air,  and 
conversion  into  ferric  oxyhydrate. 

The  so-called  Griffith’s  mixture  ( Mistura  ferri 
composita ) contains  green  ferrous  carbonate  in 
suspension ; the  absorption  of  oxygen  from  the  air 
may  be,  to  a certain  extent,  prevented  by  mixing- 
dried  ferrous  carbonate  with  sugar  ( Ferri  carbonas 
saccharata).  Ferrous  carbonate  is  appreciably  soluble 
in  water  containing  carbon  dioxide,  and  is  in  this  way 
kept  in  solution  in  chalybeate  spring  waters.  If  such 
a water  be  exposed  to  the  air  for  some  time,  it  becomes 
turbid  from  the  formation  and  deposition  of  ferric 
hydrate. 

Ferrous  sulphide  (FeS)  is  prepared  by  heating 
a mixture  of  iron  filings  and  sulphur,  or  by  rubbing  a 
stick  of  roll  sulphur  against  a bar  of  iron  at  a bright 
red  heat;  it  is  a black  solid. 

Ferrous  iodide  (Fel0)  is  prepared  by  warming 
together  iron  wire,  iodine,  and  water. 

Ferrous  phosphate  (Fe3(P04)2)  is  prepared  by 
mixing  together  solutions  of  ferrous  sulphate,  sodium 
phosphate,  and  sodium  bicarbonate. 

3FeS04  + 2Na2HP04  + 2NaHC03  = 

Ferrous  Sodium  Sodium 

sulphate.  phosphate.  bicarbonate. 

Fe3(P04)2  + 3Na3S04  + 2C02  + 2H20 

Ferrous  Sodium  Carbon  Water, 

phosphate.  sulphate.  dioxide. 

The  ferrous  phosphate  comes  down  at  first  as  a 
white  precipitate,  quickly  changing  to  a bluish  colour. 
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The  sodium  bicarbonate  is  added  to  prevent  the 
formation  of  free  sulphuric  acid,  which  would  keep 
some  of  the  ferrous  phosphate  in  solution. 

Ferrous  arseniate  (Fe3(As04)3)  is  prepared 
by  mixing  together  solutions  of  ferrous  sulphate, 
sodium  arseniate,  and  sodium  bicarbonate. 

3FeS04  + 2Na3HAs04  + 21STaHC03  = 

Ferrous  Sodium  Sodium 

sulphate.  arseniate.  bicarbonate. 

Fe3(As04)2  + 31Sra3S04  + 2C02  + 2H20 

Ferrous  Sodium  Carbon  Water, 

arseniate.  sulphate.  dioxide. 

The  ferrous  arseniate  comes  down  at  first  as  a 
white  precipitate,  quickly  changing  to  a greenish 
colour.  The  sodium  bicarbonate  is  added  for  a reason 
similar  to  that  given  in  connection  with  ferrous 
phosphate. 

Ferric  Salts. 

Ferric  chloride  or  percliloride  of  iron 

(FeCl3). — This  may  be  prepared  as  black  deliquescent 
plates  ( a ) by  passing  chlorine  over  heated  iron — 

2Fe  + 3C12  = 2FeCl3 

Iron.  Chlorine.  Ferric  chloride  ; 

(6)  by  passing  chlorine  through  a solution  of  ferrous 
chloride  (on  evaporation  it  forms  a yellow  solid) — 

2FeCl3  + Cl2  = 2FeCl3 

Ferrous  chloride.  Chlorine.  Ferric  chloride ; 

(c)  by  warming  a solution  of  ferrous  chloride  with 
hydrochloric  and  nitric  acids — 

3FeCl2  + 3HC1  + HN03  = 3FeCl3  4-  NO  + 2HqO 

Ferrous"  Hydrochloric  Nitric  Ferric  ’ Nitrogen  Water, 

chloride.  acid.  acid.  chloride.  dioxide. 
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This  is  the  process  employed  in  the  preparation  of 
the  solution  of  perchloride  of  iron  used  in  medicine 
( Liquor  ferri  perchloridi).  It  really  consists  in 
the  passage  of  chlorine  into  ferrous  chloride,  since 
the  action  of  the  nitric  acid  is  to  oxidise  the  hydrogen 
of  the  hydrochloric  acid  to  water,  thus  liberating  the 
chlorine,  the  nitrogen  of  the  nitric  acid  being  evolved 
as  nitrogen  dioxide. 

Ferric  sulphate  or  persulphate  of  iron 

(Fe2(S04)3)  is  prepared  by  warming  together  a solution 
of  ferrous  sulphate  with  sulphuric  and  nitric  acids. 

6FeS04  + 3H2S04  + 2HNOs  = 

Ferrous  Sulphuric  Nitric  ° 

sulphate.  acid.  acid. 

3Fe2(S04)s  + 2NO  + 4H20 

Ferric  Nitrogen  Water, 

sulphate.  dioxide. 

Ferric  nitrate  or  pernitrate  of  iron 

(Fe(N03)3  + 6H20)  is  prepared  by  the  action  of 
dilute  nitric  acid  on  iron. 

Fe  + 4HNOg  = Fe(]ST03)3  + NO  + 2H20 

Iron.  Nitric  Ferric  Nitrogen  Water, 

acid.  nitrate.  dioxide. 

Ferric  acetate  or  peracetate  of  iron 

(Fe(C2H302)3)  is  prepared  by  dissolving  freshly  pre- 
cipitated ferric  hydrate  in  glacial  acetic  acid. 

Iron  and  cyanogen  compounds.  (See 
Organic  Chemistry,  Chapter  III.). 

.General  methods  of  raising  ferrous  salts 
to  the  ferric  state.— The  passage  of  chlorine 
gas  through  a solution  of  a ferrous  salt  raises  it  to  the 
ferric  state,  thus  : 

2FeCl2  + Cl,  = 2FeCls 

Ferrous  Chlorine.  Ferric 

chloride  chloride. 
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GFeSO,  + 3CL  = 


Ferrous 

sulphate. 


2 

Chlorine. 


2Fe2(S04)3 

Ferric 

sulphate. 


+ 2FeCl, 


Ferric 

chloride. 


Nitric  acid  with  heat  will  raise  any  ferrous 
the  ferric  state,  thus  : 


3FeCL  + 4HNO,  = 2FeCl,  + 


Ferrous 


chloride. 


Nitric 

acid. 


NO 

Nitrogen 

dioxide. 


Ferric 

chloride. 

+ 2H30 

Water. 


Fe(N03)3 

Ferric 

nitrate. 


+ 


3FeS04  + 4HN03  = Fe2(S04)3  + 


Ferrous 
sul  phate. 


Nitric 

acid. 


Ferric 

sulphate. 


Fe(N03)3  + 

Ferric 

nitrate. 


NO 

Nitrogen 

dioxide. 


+ 


2H20 

Water. 


^ (g  Long-continued  exposure  to  air  will  convert 
most,  and  heating  in  the  air  will  convert  all  ferrous 
salts  into  ferric  salts. 

General  methods  of  reducing  ferric  salts 
to  the  ferrous  state.— (a)  If  to  a solution  of  a 
ferric  salt  some  zinc  be  added,  and  then  sufficient 
hydrochloric  acid  to  act  on  the  zinc  and  liberate 
hydrogen,  the  nascent  hydrogen  will  reduce  the  ferric 
salt  to  the  ferrous  state. 


2FeCl3  + 

Ferric 
chloride. 


H0  = 2FeCl 


Hydrogen 


2 

Ferrous 

chloride. 


+ 2HC1 

Hydrochloric 

acid. 


( b ) If  sulphuretted  hydrogen  be  passed  through  a 
solution  of  a ferric  salt,  the  latter  will  be  reduced  to 
ihe  ferrous  state,  sulphur  being  thrown  down. 

4FeCl3  + 2H3S  = 4FeCla  + 4HG1  + S2 

Ferric  Sulphuretted  Ferrous  Hydrochloric  Sulphur, 

Chloride.  hydrogen.  chloride.  acid. 
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+S  ( c ) If  to  a solution  of  a ferric  salt,  solution  of 
stannous  chloride  be  added,  the  former  will  be  reduced 
to  the  ferrous  state,  the  latter  being  raised  to  the 
stannic  state. 


2FeCls  + 

Ferric 

chloride. 


SnCl3  = 

Stannous 

chloride. 


2FeCl,  + SnCl4 

Stannic 


Ferrous 

chloride. 


chloride. 


Tests  for  iron  occurring  as  a ferrous  salt. 

(i)  Ammonium  sulphide  gives  a black  precipitate 
of  ferrous  sulphide. 

(ii)  Sulphuretted  hydrogen  gives  no  precipitate 
with  a ferrous  salt  in  acid  solutions.  This  negative 

O 

reaction  is  of  value  in  the  separation  from  iron  of 
metals  precipitated  by  sulphuretted  hydrogen. 

fnfl  Pntn (K4FeCye).  gives . with 
ferrous  salts  a precipitate,  at  first  almost  white,  but 
rapidly  changing  to  a light  blue  colour,  owing  to 
absorption  of  oxygen  from  the  air.  This  precipitate 
is  a double  ferrocyanide  of  iron  in  the  ferrous  state 
and  potassium  (FeK2FeCy6). 

{rvS  Potassium  ferricyanide  (K3FeCyG)  gives 
with  refrbuS " Rrf'l IS  IT dTiflf ' bin e'prec ipitate  (KFe2CyG), 
sometimes,  though  erroneously,  called  Turnbull’s  blue 

(Fe.^2cyi2)- . 

(v)  Potassium  sulphocyanide  gives  no  colour  with 
ferrous  saTEs," "provided  they  are  quite  free  from  ferric 
salts. 

(vy  Alkalies,  such  as  ammonia,  potash,  and  soda, 
partnuly'pr'dcifpifafe  ferrous  sails  as  ferrous  hydrate, 
the  precipitate  being  white  at  fi rs t,  biiTiApidly  tu rn- 
ing  to  a greenish  colour  from  absorption  ot  oxygen 

O O 1 J w . 

from  the  air,  and  then  slowly  becoming  rusty  brown. 
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Tests  for  iron  occurring  as  a ferric  salt. 


(i)  Ammonium  sulphide  reduces  a ferric  salt  to 
the  ferrous  state,  producing  a mixed  precipitate  of  the 
black  ferrous  sulphide  and  sulphur. 

(ii)  Sulphuretted  hydrogen  passed  through  a solu- 
tion of  a ferric  salt  reduces  it  to  the  ferrous  state, 
sulphur  being  precipitated. 

(iii)  JPotassium  ferrocyanide  (K^FeOy^)  gives  a 
dark  blue  precipitatejjyt^^  sometimes,  though 


■pi — hi 


erroneously,  called  Prussianblue  (Fe,(FeCyAA 

(iv)  Potassium  ferricyamde  gives  with  a solution 
of  a ferric  salt  a brownish  colour’,  no  precipitate  being 

pro(tel  t 

( vj.  Potassium  sulphocyanide 


gives  with  solutions 
of  ferric  salts  a deep  blood-red  colour,  due  to  the 
form ation  oTAhe^drubTeTer f I 


<sr 

cipita' 


The  alkalies,  ammonia,  potash,  and  soda, 


precipitate  from  ferric  solutions  the  reddish-brown 
ferric  hydrate. 


ISTINGUISH  IN O TESTS  BETWEEN  FeIUIOCS  AND  FeRBIO  SALTS. 


Ferrous  §alts. 

Ferric  Salts. 

Potassium  ferro- 

cyanide. 

Light  blue  precip. 

Dark  blue  precip. 

Potassium  ferri- 

cyanide. 

Dark  blue  precip. 

No  precip. ; brownish 
colour  produced. 

Potassium  sulpho- 
cyanide. 

No  change  of  colour 
if  the  ferrous  salt 
is  pure. 

Dark  blood  - rod 
colour. 

Alkalies  . . 

Green  precip.,  turn- 
ing rusty  brown 
on  surface. 

Reddish-brown  pre- 
cipitate. 
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Cobalt  and  nickel. — These  metals  occur  in 
nature  usually  in  combination  with  arsenic  and  sul- 
phur, from  which  the  metals  are  extracted  by  a 
somewhat  complex  process.  Both  metals  are  hard, 
magnetic,  malleable,  and  white,  nickel  having  a yel- 
lowish tinge.  They  melt  at  very  high  temperatures, 
and  are  both  used  for  plating  iron,  brass,  etc. 

The  cobalt  salts,  when  hydrated,  are  usually  pink 
in  colour,  but  when  rendered  anhydrous  by  heat  they 
become  blue. 

The  most  common  salt  is  the  nitrate  (CO(N03)0-f 
6H20)  ; it  is  used  as  a test,  in  the  dry  way,  "for 
aluminium,  zinc,  and  magnesium  compounds. 

Nickel  has  become  recently  of  great  importance  in 
connection  with  the  steel  industry,  since  steel,  by  the 
addition  of  about  5 per  cent,  of  nickel,  has  its  tensile 
strength  increased  about  one-half.  Very  valuable 
deposits  of  nickel  sulphide  were  found  in  Canada 
during  the  construction  of  the  Canadian  Pacific  Rail- 
way. Much  nickel  is  used  for  making  German  silver, 
which  is  brass  (copper  and  zinc),  alloyed  with  10  to 
20  per  cent,  of  nickel.  The  nickel  salts  are  usually 
green. 

Cobalt  compounds  give  a blue  colour  to  a borax 
bead  and  to  glass,  nickel  compounds  give  a smoke- 
coloured  borax  bead. 

Nickel  forms  a colourless  volatile  liquid  with 
carbon  monoxide.  No  such  compound  with  cobalt  is 
known. 
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COPPER. 

Symbol,  Cu  ; dyad;  atomic  weight,  63 ’6;  specific 
gravity,  8 '9  ; melts , 1080°. 

Natural  compounds  of  copper.  — (i)  The 

commonest  copper  ore  is  cower  writes,  a double 
sulphide  of  copper  and  iroiMEiflfeb.J,  containing  j?I 
addition  some  sulphide  of*  arsenic.  (ii)  Cuprite  or 
red  copper  ore  consists  of  cuprous  oxide  (Cu00). 
(iii)  Malachite  is  a double  carbonate  and  hydrate  of 
copper  (CuC03,  Cu(HO)  2).  (iv)  The  metal  copper 
is  found  to  a certain  extent  free  in  nature,  occurring 
especially  in  North  America. 

Preparation  of  the  metal  copper.  —The 
separation  of  metallic  copper  from  copper  pyrites  is 
a lengthy  and  complicated  process  ; briefly  described, 
the  copper  ore  is  first  roasted,  the  temperature  is  then 
raised  till  the  oreTuses  -'The  two  "chief  products  are 
cuprous  sulphide  and  silicate  of  iron  : the  silicate  of 
iron  is  separated;  by  repeating  the  roasting  and  fusing 
all  the  iron  is  removed  as  silicate.  The  nearly  pure 
cuprous  sulphide  is  then  carefully  roasted  until  two- 
thirds  are  converted  into  oxide.  The  temperature  is. 
then  raised,  and  the  following  reaction  takes  place  •. 
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2Cu20  + Cn3S  = 6Cu  + S03 

Cuprous  Cuprous  Copper.  Sulphur 

#oxide.  sulphide.  dioxide. 

The  copper  is  remelted  and  stirred  up  with  a 
pole  of.  wood  to  reduce  any  oxide  which  may  be 
present. 

Chemically  pure  copper  may  be  obtained  by 
passing  hydrogen  over  copper  oxide  raised  to  a red 
heat  or  by  electrolysis. 

2CuO  + 2H2  = 2Cu  + 2H30 

Copper  Hydrogen.  Copper.  Water. 

oxide. 

Properties  of  the  metal  copper. — Copper  is 
one  of  the  few  metals  possessing  a distinctive  colour 
— it  is  bright  red  ; it  is  a very  malleable  and  ductile 
metal,  and  is  an  extremely  good  conductor  of  both 
heat  and  electricity,  hence  its  employment  for  lightning- 
conductors,  etc.  Copper  remains  unchanged  in  dry  air, 
but  in  moist  air  it  becomes  gradually  covered  with  a 
green  layer  of  a basic  copper  carbonate,  frequently 
mistaken  for  verdigris  (oxyacetate  of  copper).  Water 
can  be  boiled  in  copper  vessels  without  attacking 
them,  but  a solution  of  common  salt  slowly  attacks 
copper,  forming  a green  oxychloride  of  copper,  and 
vinegar  still  more  readily  acts  on  copper  vessels  form- 
ing verdigris  (oxyacetate  of  copper) ; hence  the  danger 
of  using  copper  vessels  for  culinary  purposes^  tne 
copper  salts  produced  by  the  action  of  common  salt 
and  vinegar  being  poisonous.  Copper  does  not  decom- 
pose steam,  even  at  a bright  red  heat ; if  copper  be 
heated  to  redness  in  the  air,  it  readily  oxidises,  form- 
ing the  black  copper  oxide  (CuO).  The  metal  copper 
is  deposited  from  its  solutions  by  either  iron  or  zinc, 
and  it  is  also  deposited  at  the  negative  pole  when  an 
electric  current  is  passed  through  a solution  of  copper 
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sulphate,  a process  employed  in  producing  electrotypes 
or  copies  of  objects  in  copper. 

Copper  enters  into  the  formation  of  several  very 
useful  alloys.  Brass  contains  about  70  parts  of  copper 
to  30  parts  of  zinc  j a larger  proportion  of  zinc  yields 
an  alloy  of  a pale  yellow  colour,  known  as  Muntz  metal , 
largely  used  for  covering  wooden  ships ; by  increasing 
the  amount  of  copper,  and  adding  a little  tin,  Dutcli 
metal  is  obtained.  Bronze , gun-metal , and  bell-metal 
are  alloys  of  copper  and  tin  containing  from  80  to  90 
per  cent,  of  copper  ; speculum  metal  is  a hard  white 
alloy  of  2 parts  of  copper  to  1 part  of  tin  with  a 
little  arsenic ; it  is  capable  of  taking  a high  polish, 
and  is  used  for  the  mirrors  of  reflecting  telescopes. 
German  silver  or  nickel  silver  is  an  alloy  of  copper, 
zinc,  and  nickel ; all  silver  articles  and  silver  coins 
contain  some  copper,  in  order  to  render  the  silver 
harder ; aluminium  bronze  or  aluminium  gold  is  an 
alloy  of  copper  and  aluminium. 

Action  of  acids  on  copper. — Dilute  sul- 
phuric acid  has  no  action  on  the  metal  copper.  Strong 
sulphuric  acid  with  heat  readily  acts  on  copper,  form- 
ing the  sulphate  and  evolving  sulphur  dioxide  gas. 

Cu  + 2H3S04  = CuS04  + 

Copper.  Sulphuric  Copper 

acid.  sulphate. 


S02  + 

Sulphur 

dioxide. 


2H20 

Water. 


Nitric  acid  readily  acts  on  copper,  forming  copper 
nitrate,  with  evolution  of  nitrogen  dioxide. 


3Cu  + 8HNO*  = 

Copper. 


Nitric 

acid. 


3Cu(N03)2  + 

Copper 

nitrate. 


2NO  + 


Nitrogen 

dioxide. 


4H20 

Water. 
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Hydrochloric  acid  has  no  action  on  copper. 

Cuprous  oxide  (Cu20). — Red  oxide  of  copper 
is  best  prepared  by  boiling  a mixed  solution  of 
copper  sulphate,  grape  sugar,  and  caustic  potash  or 
soda ; in  the  absence  of  the  grape  sugar,  cupric 
oxide  (CuO)  would  be  thrown  down,  but  the  grape 
sugar  possesses  the  property  of  abstracting  one-half 
of  the  oxygen  from  the  cupric  oxide,  with  the  con- 
sequent formation  and  precipitation  of  the  red 
cuprous  oxide.  This  constitutes  the  test  for  sugar  in 
diabetic  urine. 

Cupric  oxide  (CuO). — Black  copper  oxide  may 
be  obtained  (a)  by  roastingjmetallic  copper  in  air, 
(b)  by  heating  copper  nitrate — 

2Cu(N03)3  = 2CuO  + 4N02  + 03 

Copper  * Cupric  Nitrogen  Oxygen ; 

nitrate.  oxide.  tetroxide. 

(c)  by  adding  caustic  soda  to  a solution  of  copper 
sulphate  to  precipitate  the  light  blue  copper  hydrate 
(Cu(HO)o),  and  then  boiling  the  liquid,  when  the 
copper  hydrate  decomposes  into  cupric  oxide  and 
water. 

Cu(HO)3  = CuO  + H20 

Copper  - Cupric  Water, 

hydrate.  oxide. 

Copper  Salts. 

Copper  forms  two  classes  of  compounds,  cupric  and 
cuprous;  in  Uiu  uuijpur  iy  acflflg  W 

dyad,  M^lll  cuprous  compounds  contain  in  tne  mole- 
culetwo  atoms  of  copper,  and  as  these  two  atoms  are 
linked  together  by  an  atom-fixing  power  of  each,  the 
copper  atoms  only  exert  towards  other  elements  the 
atom-fixing  power  of  a monad  ; this  will  be  rendered 
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evident  by  inspection  of  the  following  graphic  formulae 
of  cupric  chloride  (CuCl2)  and  cuprous  chloride 
(CuoClo). 


Vw* 


Cl  — Cu— Cl 

Cupric  chloride. 


Cl  — Cu  — Cu  — Cl 

Cuprous  chloride. 


Copper  sulphate  (CuS04  + 5HaO).— This,  the 
commonest  salt  of  copper,  is  also  known  as  hlup.  vitrinj. 
^^bluesj^^  It  is  prepared  (a)  by  the  action  of  hot 
strong  sulphuric  acid  on  the  metal  copper — 


Cu  -f-  2H2S04 

Copper.  Sulphuric 

acid. 


CuS04  + 

Copper 

sulphate. 


S02  + 2H20 

Sulphur  Water ; 

dioxide. 

the  result  of  the  action  is  a greyish  powder,  consist 
ing  of  anhydrous  copper  sulphate  with  some  sulphide  ; 
on  pouring  off  the  strong  sulphuric  acid  and  adding 
water,  a blue  solution  is  obtained  which  is  filtered 
and  evaporated,  when  crystals  of  ordinary  copper 
sulphate  or  blue  vitriol  separate  ; 

(6)  by  the  action  of  dilute  sulphuric  acid  on  cupric 
oxide  — 


CuO  + H2S04  = CuS04  + H00 

Cupric  Sulphuric  Copper  Water* 

oxide.  acid.  sulphate. 

(c)  by  roasting  copper  py rites  in  the  air,  by 
which  piocess  it  is  obtained  mixed  with  sulphate 
of  iron. 

Copper  sulphate  in  its  crystalline  condition  con- 
tains five" molecules  of  water  of  crystallisation  (CuSO  , 
5M20)  ■ these  can  be  expelled  by  heat,  leaving  the 
anhydrous  copper  sulphate  (CuS04),  which  is  of  a 


326  Chemistry . [Partin 

jwhite  colour ; if  this  anhydrous  copper  sulphate  is 
jshaken  with  liquids  containing  water,  it  unites  with 
jthe  water  forming  the  blue  crystalline  variety,  and 
I hence  becomes  a valuable  test  for  the  detection  of 
I water  in  liauids  which  should,  if  nure.  be  iree  from 
x such  as  absolute  alcohol. 

I ~ ' Copper  nitrate  (Cu(N03)2  + 3H20)  is  prepared 
by  the  action  of  nitric  acid  on  copper. 


3Cu  + 8HNO3 

Copper.  Nitric 

acid. 


3Cu(NO.,),  4- 

Copper 

nitrate. 


2NO  -f  4H20 

Nitrogen  Water, 

dioxide. 


Copper  oxyacetate  (verdigris)  (Cu(C2H302)2, 
2CuO  4-  3H20)  is  prepared  by  exposing  copper  to  the 
vapour  of  acetic  acid  and  the  action  of  the  air. 

Copper  arsenite  tSc heele’s  green)  (CuHAsCb) 
is  prepared  by  mixing  solutions  of  copper  sulphate 
and  sodium  arsenite,  wh6n  it  is  thrown  down  as  a 
bright  green  precipitate. 

CuS04  + Na2HAs03  = CuHAs03  + Na2S04 

Copper  Sodium  Scheele’s  Sodium 

sulphate.  arsenite.  green.  sulphate. 


Scheele’s  green  is  very  poisonous,  mainly  on 
account  of  the  arsenic  contained  in  it ; it  is  a pigment 
frequently  employed  in  the  colouring  of  wall-papers, 
book-covers,  et For  the  methods  of  detecting  it  in 
wall-papers,  etc.,  see  pages  287,  289. 


Tests  for  Copper. 


L ' 

/(i i Sulphuretted  hydrogen  passed  into  copper 
solivtmns  gives  a black  precipitate  of  copper  sulphide 
(CuS). 
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iCipi- 


11J)  Ammonium  sulphide  gives  a similar  pi 
tate  of  the  black  copper  sulphide. 

Potassium  ferrocyanide  with  acetic  acid 
reddish-brown  precipitate  of  copjier  ferro- 
cyanide (Cu3FeCy6).  This  is  the  most  delicate  test 


give 


for  copper,  as  ah  extremely  dilute  solution  of  a copper 
salt  is  tinted  reddish-brown  on  the  addition  of  potas- 
sium ferrocyanide. 

*fiv)  Solution  of  ammonia  gives  a light  bltf^Tpre- 
cipitate  of  copper  Fydrate*  /Ou(ML^0),  readily  soluble 
in  excess  of  ammonia  and  yielding  an  intensely  dark 
"blue ''solution.  This  is  a very  delicate  test  for  copper 

Solution  of  caustic  potash  or  caustic  soda 

procf ' 
not 


y)  solution  or  caustic  potasn  or 
uces  a light  blue  precipitate  of  copper  hydrate. 
soluble  in  excess  of  the  fixed  alkali  ; on  boiling 


the  liquid,  the  light  blue  precipitate  turns  black,  owing 
to  the  decomposition  of  the  copper  _hydratp  into^cupr.ic 
d)xidq  ff,nd  waherT"  ^5 

A piece  of  bright  steel,  such  as  the  polished 

['acidsolution  % 
"coloured  witli 


a reddish  deposit  of  the  metal  copper  upon  it.  This  is\y 
a ready  and  useful  test  for  ascertaining  whether  aTiTiie 
quM^coi^ 

oppersalfs  give  a green  colour  to  the 
Bunsen  flame,  except  the  chloride,  which  gives  a blue 
colour. 

(vm)  When  fused  into  borax  copper  salts  give 
in  the  outer  flame  a bead  which  is  green  when  hot 
and  blue  when  cold ; in  the  inner  flame  the  bead 
becomes  red  and  opaque. 
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SILVER. 

Symbol , Ag  ; monad ; atomic  weight,  108;  specific 
gravity , 10‘56;  melts  at  960°. 


Occurrence  in  nature. — Silver  occurs  free  in 
nature ; also  as  horn  silver  (AgCl)~;  sulpldcTeTof  silver 
(Ag2^is  frequently  contained  in'" other  native  sul- 
phides,  notably  In  those  of  lead,  copper,  and  anti- 
moriy."" 

Extraction  of  tlie  metal  silver. — The  cupel- 
lation  process  for  extracting  silver  from  lead  has 
already  Been  described  in  connection  with  the  latter 
metal  ( see  page  271).  The  amalgamation  process  for 
the  extraction  of  silver  consists  in  roasting  the  silver 
ores  with  common  salt  (sodium  chloride),  Fy  whMi 
means  silver  chloride  is  formed  ; the  roasted  ores  are 
k . then  agitated  in  barrels  with  water  and  scrap  iron, 
\ the  iron  abstracting  the  chlorine  from  the  silver 
chloride  to  form  ferrous  chloride,  and  setting  free  the 
metal  silver ; mercury  is  then  introduced  into  the 
barrels  and  they  are  again  thoroughly  agitated,  when 
an  amalgam  of  mercury  and  silver  is  formed  ; this 
amalgam  is  removed  and  heated  in  retorts,  when  the 
mercury  distils  over,  the  metal  silver  being  left  in  the 
retort.  In  Mexico  the  silver  ore  is  ground  with 
water,  salt  and  copper  sulphate,  and  thereby  converted 
into  chloride  of  silver.  Mercury  is  now  added  and 
an  amalgam  of  silver  formed  which  is  heated  as 
above. 


2AgCl  + 2Hg  = Hg3Cl2  -f  2Ag 

Silver  Mercury.  Calomel.  Silver, 

chloride. 

4 

Properties  of  the  metal  silver Silver  is  a 

white,  lustrous  metal ; it  is  soft,  and  so  malleable  that 
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it  can  be  beaten  into  extremely  thin  leaves  ( silver 
flea/).  It  does  not  oxidise  at  any  temperature  in  the 
I air,  but  m the  molfen~  sfat,e  iI  possesses  iTmlpecuIiar 
/ power  of  dissolving  about  20  times  its  volume  of 
! oxygen  from  the  air  ; this  oxygen  is  given  off  when 
ClT£  silver  cools  and  solidifies,  producing  the  phe- 
I nomenon  known  as  the  spitting  of  silver.  Sulphur- 
etted hydrogen  blackens  silver,  and  hence  polished 
> silver  articles  slowly  tarnish  when  exposed  to  the  air. 
| Puie  silver  is  too  soft  for  use,  but  by  the  admixture 
of  a small  amount  of  copper  with  it,  a hard  alloy  is 
obtained.  Standard  silver  contains  92-5  per  cent,  of 
silver  and  7 -5  per  cent,  of  copper.  To  prepare  a 
specimen  of  pure  silver  from  a coin,  dissolve  in  nitric 
acid,  to  the  green  solution  add  hydrochloric  acid,  when 
the  silver  is  precipitated  as  silver  chloride;  this  is 
washed  till  free  from  copper  and  then  fused  with 
sodium  carbonate. 


2AgCl  + Na2C03  = 2NaCl 

Silver  Sodium  Salt, 

chloride.  carbonate. 

co2  + o 

Carbon  Oxygen, 

dioxide. 


+ 2Ag  + 
Silver. 


Action  of  acids  on  silver — Hydrochloric  acid 
does  not  attack  silver.  Nitric  acid  forms  silver  nitrate 
with  evolution  of  nitrogen  dioxide. 

3AgN03  +/ncTS  + 2H,0 

Silver  (Nitrogen/  Water, 

nitrate.  V^joxidjy 

Hot  strong  sulphuric  acid  acts  on  silver,  forming 
silver  sulphate  and  evolving  sulph  ” 

2Ag  + 2H2S04  = Ag2S04 

Silver.  Sulphuric  Silver 

acid.  sulphate. 


3Ag  + 4HN03  = 

Silver.  Nitric 

acid. 
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Silver  oxide  (Ag20)  is  prepared  by  precipitating 
a solution  of  silver  nitrate  with  a solution  of  potash, 
soda,  or  lime ; lime-water  is  preferable  on  account  of 
its  freedom  from  chlorides. 

2AgN03  -f-  Ca(HO)2  = 

Silver  ' Calcium 

nitrate.  hydrate. 


Ag20. 

Silver  * 
oxide. 


+ Ca(]ST  03)2  + H20 

Calcium  Water, 

nitrate. 


Silver  oxide  is  a brown  powder,  which  is  reduced 
to  the  metallic  state  either  by  heat  or  by  contact  with 
organic  matter ; on  account  of  this  last-mentioned 
property  it  should  not  be  used  in  medicine  combined 
with  an  essential  oil  or  other  organic  substance. 


Silver  Salts. 

Silver  nitrate  (AghT03)  is  prepared  by  the 
action  of  nitric  acid  on  silver  ( see  above).  If  silver 
nitrate  is  carefully  melted,  and  then  poured  'into 
moulds,  it  ydlldlfi&T'ifr  tllb  lornT'ot  sticks,  knownH 
. lunar  caustic,  a substance  frequently  employed  for 
'ex  tern  aTappHcatidh  ",^,5lTrTSCTr5ttC!^^tro*WS^?lfriTT^ 
jffbduced  oTIdhe  slan  Affer  the  application  of  silver 
nitrate  is  due  to  the  reduction  of  the  salt  to  metallic 
silver.  A weaker  caustic  known  as  mitiqated  caustic 
is  a mixture  of  silver  and  potassium  nitrates,  and  is 
prepared  by  fusing  together  one  part  of  silver  nitrate 
with  two  parts  of  potassium  nitrate. 

Silver  chloride,  bromide  and  iodide. — These 
compounds  are  obtained  as  precipitates  when  the 
corresponding  potassium  salts  are  added  to  a solution 
of  silver  nitrate.  They  are  all  very  sensitive  to  the 
action  of  light,  becoming  reduced  to  a pp basalt  after 


T- 
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exposure,  and  this  sub-salt,  if  afterwards  treated  with 
a reducing  agent,  becomes  converted  into  metallic 


silver.  It  is  on  account  of  their  sensitiveness  to  light 


that  these  silver  salts  are  used  in  the  production  of 
photographs.  The  dry  plates  now  used  in  photography 


i Bfc 


consist  of  glass  plates  covered  with  a film  of  silver 


k4 


iodide  or  bromide  suspended  in  gelatine  ; these  plates 
are  exposed  in  the  camera  to  the  light  reflected 
from  the  object  to  be  photographed  : where  the  light 
falls,  the  silver  salt  is  more  or  less  reduced  to  a sub- 
salt, according  to  the  intensity  of  the  light.  If 
the  exposed  plate  is  now  placed  in  a solution  of  a 
reducing  agent,  such  as  pyrogallic  acid  and  ammonia, 
the  sub-salt  is  completely  reduced  to  metallic  silver  ; 
this  is  the  process  known  as  developing.  To  preserve 
this  picture  and  to  prevent  the  undecomposed  silver 
salt  from  blackening  when  exposed  to  the  light,  it 
must  now  be  fixed  ; this  process  consists  in  dissolving  _ 
out  the  undecomposed  bromide  or  iodide  of  silver  by  hr  - 
immersing  the  plate  in  a solution  of  sodium  thiosulphate  ! 
(hyposulphite  of  soda).  (See  page  204.)  ! 

In  this  way  a negative  is  obtained,  showing  the 
bright  parts  of  the  object  dark  and  the  dark  parts 
light ; to  print  an  ordinary  photograph  on  to  paper, 
the  negative  is  placed  over  a sheet  of  paper  prepared 
with  silver  chloride,  and  then  exposed  to  the  Jight*--*^ 

Silver  chloride  is  white,  but  rapidly  darkens  when  N 
exposed  'lb  daylltfllC.  'W  hen  heated  it  melts,  and,  on  \ 
cooling,  forms  a dark  brown  mass  like  horn,  hence  it 
is  sometimes  called  horn  silver.  ^Silver  bromide  is 
whitish  in  colour,  silver  iodide  is  pale  yenow  an 


insoluble  in  ammonia. 


'Tests  for  Silver. 


(i)  Hydrochloric  acid  gives,  with  sc 
silver  salts,  a white  curdy  precipitate  of  silver  chloride,  °fe 
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nitric  acid,  but  soluble  in  solution  of 

A 


V 


x' 


W 

UtlOI 


10 


Potassium  chromate  gives,  with  a neutral 
solution  of  a silver  salt,~a  red  precipitate  of  silver 

chromate.  ^ * 

S Sodium  phosphate  gives,  with  a neutral 
L of  a silver  salt,  a yellow  precipitate  of  silver 
phosphate.  . . / 

OLD.  - 


*/V\ 


V 


Symbol , Au;  triad;  atomic  weight,  197-2;  specific 
gravity , 19'4;  at  1250°. 


Gold  occurs  in  nature  in  the  free  state.  It  is 
found  in  masses  called  nuggets,  and  also,  in  a more 
finely-divided  state,  in  quartz  rocks  and  in  alluvial 
quartz  sand  which  has  been  deposited  by  the  disinte- 
gration of  the  older  rocks.  It  is  extracted  by  shaking 
with  mercury,  or  by  dissolving  it  out  (1)  by  chlorine 
water,  or  (2)  by  a weak  solution  of  sodium  cyanide. 
Pure  gold  is  prepared  by  melting  ordinary  gold  with 
three  parts  of  silver,  and  then  dissolving  out  the  silver 
either  with  nitric  acid  or  by  boiling  strong  sulphuric 
acid,  when  the  gold  is  left  as  a brown  powder. 

Gold  is  one  of  the  few  metals  possessing  a decided 
tint,  and  is  distinguished  by  its  yellow  colour.  It  is 
soft  and  very  malleable,  and  can  be  beaten  out  into 
thin  leaves  (gold-leaf).  It  can  be  hammered  so  thin 
as  to  transmit  light,  the  light  being  of  a bluish-green 
colour.  Gold  is  too  soft  a metal  for  general  use,  and 
is  therefore  alloyed  with  copper,  in  order  to  produce 
a hard  alloy,  which  does  not  so  readily  wear  away 
when  used.  The  fineness  of  a sample  of  tgold  is  in 
England  expressed  in  carats , pure  gold  being  said  to 
be  24  carats.  Thus,.  18-carat  gold  consists  of  18  parts 
of  'gold  alToyed  with  G parts  of  copper;  15-carat  gold 
consists  of  15  parts  of  gold  alloyed  with  9 parts  of 
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copper,  and  so  on.  English  sovereigns  and  half- 
sovereigns  are  made  of  22  carat  gold,  that  is,  of  22 
parts  of  gold  alloyed  with  2 parts  of  copper. 

Gold  is  not  attacked  by  sulphuric,  hydrochloric, 
or  nitric  acids  separately  ; it  is  acted  on  by  aqua  regia 
( nitro-hydrochloric  acid),  auric  chloride  (AuC13)  being 
formed,  and  nitrogen  dioxide  evolved. 

Au  + 3HC1  + HN03  = AuC13  + NO  + 2H30 

Gold.  Hydrochloric  Nitric  Auric  Nitrogen  Water, 

acid.  acid.  chloride.  dioxide. 

PLATINUM. 

Symbol , Pt;  tetrad ; atomic  weight , 195;  specific 
gravity , 21 ‘7  ; melts  at  2000°. 

Platinum  occurs  in  nature  in  the  metallic  state 
mixed  with  quartz.  It  is  a very  tough  metal,  and 
on  account  of  the  very  high  temperature  (2000°  C.) 
required  to  melt  it,  it  is  very  suitable  for  the  manu- 
facture of  crucibles,  dishes,  etc.,  used  for  analytical 
work.  Platinum  may  be  obtained  as  a grey  spongy 
mass,  called  spongy  platinum , by  heating  the  double 
chloride  of  platinum  and  ammonium  (PtCl4,  2NH4C1) ; 
this  spongy  platinum  is  very  porous,  and  possesses  the 
power  of  occluding,  or  condensing  within  its  pores, 
oxygen  from  the  atmosphere.  This  occluded  oxygen 
is  so  active  that,  if  a stream  of  hydrogen  is  directed 
on  to  spongy  platinum,  the  platinum  first  becomes 
red-hot,  and  then  ignites  the  hydrogen.  Dobereiner’s 
hydrogen  lamp  depends  upon  this  property  of  spongy 
platinum  igniting  a jet  of  hydrogen. 

Platinum  is  not  attacked  by  sulphuric,  hydro- 
chloric, or  nitric  acids  separately ; it  is  acted  on 
by  aqua  regia  (nitro-hydrochloric  acid),  platinic 
chloride  (PtCl4)  being  formed,  and  nitrogen  dioxide 
evolved. 
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Three  of  the  metals  discussed  in  this  chapter,  viz. 
copper,  silver  and  gold,  find  their  place,  in  the  periodic 
classification  (page  208),  in  the  first  column,  following 
under  the  metal  sodium ; their  points  of  resemblance 
with  that  metal  are  not  numerous,  whereas  their 
points  of  difference  are  striking.  Thus,  they  do  not 
decompose  water  at  ordinary  temperatures  ; they  occur 
in  nature  in  the  metallic  state.  Silver  is  a monovalent 
metal,  and  resembles  sodium  in  the  fact  that  it  forms 
an  alum  with  aluminium  sulphate  ; on  the  other  hand, 
copper  is  divalent  and  gold  trivalent  in  their  most 
characteristic  compounds.  Platinum  comes  in  the 
eighth  column,  among  the  difficultly  fusible  metals. 
By  some  chemists  the  metals  mercury,  silver,  gold, 
and  platinum  have  been  classed  together  as  the  noble 
metals  because  their  oxides  are  reduced  to  the  metallic 
state  by  the  action  of  heat  alone. 
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ORGANIC  COMPOUNDS. 

Organic  Compounds— Organic  Radicles— Destructive  or  Dry  Dis 
tillation — Decay — Fermentation — Putrefaction. 

Organic  chemistry  includes  the  chemistry  of  the 
organic  compounds.  The  term  organic,  is  derived 
from  opyarov,  an  organ.  Originally  organic  chemistry 
only  included  the  chemistry  of  those  compounds  formed 
in  plants  and  animals  as  the  result  of  the  vital  pro- 
cesses occurring  ' ih  their  cells  and  tissues ; at  thtJX 
• time  it  was  believed  that  organic  compounds  could 
- not  be  prepared  artificially,  but  were  only  formed  as 
YETie  I'PSllll  Uf  lllfi  VfCkl  pib'cesses Taking  ^dace  in  plahts" 
ancT  animals.  This  distinction  is  now  well  known  to 
Ibe  erroneous,  a’  number  of  organic  substances  having 
^been  artificially  prepared,  either  from  their  elements 
or  from  inorganic  compounds.  For  instance,  cyanogen 
(<W,  acetylene  (C2H2),  urea  (CO(NH2)2),  alcohol 
(C2H5HO),  and  many  other  organic  substances  have 
been  artificially  prepared  from  purely  inorganic 
materials.  All  organic  bodies  contain  the  element 
carbon  ; this  element  is  a tetrad,  and  has  four  points, 
to  which  other  elements  can  attach  themselves,  as 
we  see  in  Marsh  gas  (CH^). 
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Carbon  has,  moreover,  a power  of  linking  itself  atom 
to  atom,  to  form  with  other  elements  stable  com- 
pounds of  great  complexity,  which  is  quite  unique ; 
thus,  the  red  colouring  matter  of  the  blood,  hemo- 
globin, is  believed  to  contain  in  its  molecule  600 
atoms  of  carbon,  960  of  hydrogen,  154  of  nitrogen, 
179  oi  oxygen,  besides  3 atoms  of  sulphur  and  1 
of  iron.  No  other  element  seems  capable  of  forming 
compounds  of  such  complexity.  As  carbon  plays  such 
an  important  part,  organic  chemistry  may  be  shortly 
defi  ned  as  the  chemistry  of  the  carbon  compounds,  ex- 
tw°  oxides  and  sulphides  of  carbon 
>.,  » C02,  CS2,  CS),  which  are  usually  classed  as 
inorganic  substances. 


. ma7  organic  chemistry  from  anothei 

point  of  view,  which  is  very  instructive.  In  the 
inorganic  part  the  number  of  elements  is  large,  but 
the  number  of  compounds  of'  any  one  element  (ex- 
cluding carbon)  is  comparatively  small.  In  the 
organic  compounds  the  number  of  elements  is  small 
out  the  number  of  the  compounds  of  these  few 
elements  seems  almost  unlimited.  The  elements,  in 
fact,  of  the  inorganic  portion  are  represented  in 
organic  bodies  .by  the  groups  of  elements  called 
radicles ; for  instance,  taking  the  element  potas- 
sramr-we  have  its  hydrate,  its  oxide,  its  chloride, 
its  sulphate,  etc. ; parallel  series  of  compounds  are 
formed  by  many  organic  radicles.  We  will  take  as 
an  example  ethyl  (C2H5) ; this  is  a monovalent  radicle, 
as  can  be  seen  from  its  graphic  formula : 
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This  radicle  forms  a hydrate  or  hydroxide  (ordinary 
alcohol),  an  oxide  (ordinary  ether),  etc.  Thus,  we 
have  a parallel  series  of  bodies,  as  can  be  seen  from 
the  following  table  : — 


Now,  there  is.  an  enormous  number  of  these 
radicles,  each  forming  its  own  compounds,  just  as 
each  metal  has  its  own  oxides,  salts,  etc. 

It  has  already  been  seen  how  the  various  ele- 
ments fall  into  two  main  groups — the  non-metals  (as 
Cl,  Br,  etc.),  or  electro-negative  elements,  and  the 
metals  (as  K,  Ca,  etc.),  or  electro-positive  elements. 
In  the  same  way  we  have  electro-negative  radicles, 
as  cyanogen  (CN),  the  radicles  of  the  organic  acids, 
acetyl  (U3H30),  etc.,  and  electro-positive  radicles, 
methyl  (CH3),  ethyl  (C3H5),  phenyl  (C6HB),  etc. 

These  radicles  in  organic  chemistry  take  the  place 
of  the  elements  in  inorganic  bodies,  and  so,  from  this 
point  of  view,  we  may  define  organic  chemistry  as  the 
chemistry  of  the  compound  radicles. 

It  is  very  important  not  to  confuse  an  organic 
body  or  compound  with  an  organised  body.  The 
definition  of  an  organic  body  or  compound  has  just 
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been  given ; an  organised  body  is  a tissue  of  fibrous 
or  cellular  nature,  the  result  of  animal  or  vegetable 
growth,  and  which  cannot  be  made  artificially. 

Elements  composing:  organic  compounds. 
— Although  the  number  of  organic  compounds  far 
exceeds  that  of  the  inorganic  bodies,  yet  the  actual 
number  of  elements  entering  into  the  composition  of 
the  great  majority  of  organic  substances  is  small. 
One  large  group,  the  hydrocarbons , contains  only 
"two  elements,  carbon  and  hydrogen  ; another  great 
class  contains  oxygen  in  addition,  this  includes  the 
carbohydrates  (starch,  sugar,  etc.)  and  most  of  the 
organic  acids;  in  fact,  a very  large  proportion  of 
organic  bodies  contain  not  more  than  four  elements 
(carbon,  hydrogen,  oxygen,  and  nitrogen) ; chlorine, 
bromine,  iodine,  sulphur,  and  phosphorus  enter  into 
the  composition  of  a few,  whilst  metallic  elements 
are  contained  in  a small  number  of  organic  bodies. 
The  fact,  however,  should  be  borne  in  mind  that  any 
element  can  be  made  to  enter  into  the  composition  of 
an  artificially  prepared  organic  compound. 

Action  of  heat  on  organic  bodies. — With 
the  exception  o^fit£>se  organic  substances  that  voTa- 
filise  unchanged  when  heated,  most  organic  bodies 
are  distinguished  by  the  facility  with  which  they  are 
TTceomposed  on  the  application  of  heat.  If  heated  to 
a sufficiently  high  temperature  with  free  contact  of 
air,  they  burn  away,  the  carbon  forming  carbon 
dioxide,  the  hydrogen  forming  water,  and  the  nitrogen 
escaping  in  the  free  state  or  as  ammonia.  If  heated. 
lout  of  contact  with  the  air,  most  organic  bodies 
/undergo  a complex  decomposition,  known  as  destructive 
' or  dry  distillation , a number  of  fresh  bodies  being 


rearrangement  of  the  atoms  of  the 
organic  molecule" under  the  influence  of  dry  heat, 
^without  contact  of  air.  For  examples  of  destructive 
*or  dry  distillation,  see  pages  392,  432. 
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Decay. — Many  moist  organic  substances  when 
exposed  to  the  air  undergo  a slow  process  of  oxidation 
and  so  are  gradually  destroyed  without  sensible  eleva- 
tion of  temperature  ; this  slow  combustion  or  oxidation 
is  called  decay. 

Fermentation. — This  name  is  applied  to  a class 
of  decompositions  that  many  organic  bodies  undergo 
in  presence  of  a ferment.  There  are  two  classes  of 
ferments,  the  organised  and  the  non-onjanised.  The 
organised  ferments  are  microscopic  organisms,  as 
yeast  or  torula  cerevisice , which  produces  alcoholic 
or  vinous  fermentation,  my  coderma  aceti , which  pro- 
duces acetous  fermentation,  and  penicillium  glaucum, 
which  produces  lactic  and  probably  butyric  fermen- 
tation. 

The  various  micro-organisms  (bacilli,  etc.)  that 
have  been  discovered  in  connection  with  several  of 
the  zymotic  diseases,  and  which  are  apparently  the 
primary  causative  factors  of  the  diseases,  possibly  act 
as  ferments  within  the  human  body,  producing  organic 
poisons,  the  presence  of  which  in  the  system  may  be 
the  direct  cause  of  the  symptoms  of  the  various 
diseases.  The  non-organised  or  soluble  ferments  act 
only  in  solution,  and  when  isolated  are  obtained  as 
amorphous  powders,  as,  for  example,  pepsin,  the 
ferment  contained  in  gastric  juice,  ptyalin , the 
ferment  contained  in  saliva,  and  trypsin,  the  ferment 
contained  in  pancreatic  juice. 

In  the  case  of  the  organised  ferments,  the  fer- 
mentative pi'bcess  is  probably  due  to  the  ferment 
growing  and  multiplying  at  the  expense  of  part  of  the 
substance  that  is  being  acted  onv  the  remaining  part 
breaking  up  into  simpler  bodies,  which  are  -the-  pro- 
ducts of  fermentation ; in  other  words,  the  ferment  is 
regarded  as  feeding,  for  its  growth  and  multiplica- 
tion^ on  a small  portion  of  the  substance  undergoing 
fermentation,  and  thus  destroying  the  chemical 
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balance  of  the  remaining  portion,  so  as  to  cause  its 
resolution  into  simpler  bodies. 

Putrefaction. — This  process  is  practically  one  of 
fermentation  produced  in  nitrogenised  organic  bodies 
by  bacteria  and  other  ferments,  and  accompanied  by 
the  evolution  of  unpleasant-smelling  gases,  which  are 
mainly  compounds  of  sulphur  and  phosphorus,  and  in 
part,  possibly,  complex  hydrocarbon  gases  and  volatile 
nitrogenous  bases.  The  conditions  necessary  for 
putrefaction  are  (a)  the  presence  of  a certain  amount 
of  air  to  start  the  process,  (b)  moisture,  and  (c) 
warmth.  If  air  is  excluded,  as  in  the  proper  tinning  of 
tinned  provisions,  and  if  bacteria  and  other  ferments 
are  previously  destroyed  by  heat,  then  putrefaction 
does  not  occur.  Disinfectants  prevent  putrefaction 
by  their  germicidal  action ; that  is,  by  destroying  the 
ferments  that  set  up  the  putrefactive  changes. 
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CHAPTER  IT. 

ULTIMATE  ANALYSIS  OF  ORGANIC  COMPOUNDS. 

Determination  of  Carbon,  Hydrogen,  Oxygen,  Nitrogen,  Chlorine, 
Sulphur,  and  Phosphorus  in  Organic  Bodies— Calculation  of 
Formulae  from  Percentage  Composition  — Empirical,  Moleculai’, 
and  Constitutional  Formulae — Determination  of  Molecular 
Weight— Isomeric  Bodies. 

Since  so  large  a number  of  organic  compounds  only 
contain  carbon,  hydrogen,  and  oxygen,  their  ultimate 
analysis  consists  in  determining  the  amount  of  carbon 
IP  the  form  of  carbon  dioxide,  the  amount  of  hydrogen 
in_the  form  of  water,  the  amount  of  oxygen  being 
always  determined  by  difference.  The  determinations 
of  the  amounts  of  other  elements,  such  as  nitrogen, 
chlorine,  bromine,  iodine,  sulphur,  and  phosphorus, 
are  always  made  separately. 

Determination  of  the  carbon  and  hydro- 
gen in  an  organic  compound  containing 
carbon,  hytlrogen,  and  oxygen. — A weighed 
quantity  of  the  dried  organic  compound  (sugar,  for 
instance)  is  taken,  and  its  carbon  is  converted  into 
carbon  dioxide,  and  its  hydrogen  into  water,  by 
burning  it  in  a stream  of  oxygen  in  a tube  containing 
copper  oxide ; the  water  is  collected  in  a previously- 
weighed  calcium  chloride  tube  (Fig.  29),  and  the 
carbon  dioxide  in  a strong  solution  of  caustic  potash 
contained  in  a series  of  bulbs  (Fig.  30),  which  are 
weighed  with  the  caustic  potash  previous  to  the 
operation. 

The  combustion  is  carried  out  in  a thick  combus- 
tion-tube, about  24  inches  long,  made  of  hard  glass 
(Fig.  31),  the  fore  part  of  which  is  charged  with 
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well- dried  granular  copper  oxide  (c),  a plug  of 
asbestos  (d)  being  placed  in  front  of  it  to  prevent  the 


Fig.  29.— Chloride  of  Calcium  Tube. 


mechanical  carrying  over  of  any  of  the  copper  oxide. 
The  weighed  quantity  of  sugar  is  placed  in  a small 
olatiiinm  boat  (b),  which  is  then  slipped  into  the 


tube  as  shown  in  the  figure,  and  the  tube  is 
placed  in  a gas  combustion-furnace,  with  the  ends 
projecting  from  either  extremity  of  the  furnace ; the 
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weighed  calcium  chloride  tube  (e)  is  then  connected 
to  the  end  of  the  combustion  tube  by  means  of 
a perforated  cock,  and  the  weighed 
potash  bulbs  (Fig.  30)  are  next 
connected  to  the  calcium  chloride 
tube  at  F by  means  of  a small 
piece  of  indiarubber  tubing ; the 
hinder  extremity  of  the  tube  at 
A is  connected  with  a reservoir 
or  gasholder,  from  which  pure  dry 
oxygen  can  be  passed  through  the 
apparatus. 

The  fore  part  of  the  tube 
containing  the  copper  oxide  is 
first  made  red-hot,  and  oxygen  is 
allowed  to  pass  slowly  through 
the  tube  ; heat  is  then  applied  to 
the  part  b where  the  platinum 
boat  containing  the  sugar  has 
been  placed,  when  the  sugar  is 
burnt  by  the  oxygen  to  carbon 
dioxide  and  water,  any  hydro- 
carbon vapours  that  may  escape 
combustion  by  the  oxygen  be- 
coming completely  oxidised  during 
their  transit  over  the  red-hot 
copper  oxide,  some  of  which  be- 
comes reduced  to  cuprous  oxide 
or  to  metallic  copper.  The  water 
in  the  form  of  aqueous  vapour 
(steam)  and  the  carbon  dioxide 
are  carried  onwards  by  the  stream 
of  oxygen,  the  water  being  entirely 
absorbed  by  the  calcium  chloride, 
and  the  carbon  dioxide  passing  on 
is  absorbed  by  the  caustic  potash  in  the  potash  bulbs. 
When  all  the  sugar  is  completely  burnt  away,  and 
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nothing  but  oxygen  bubbles  through  the  potash  bulbs, 
the  operation  is  stopped,  and  the  potash  bulbs  with 
the  calcium  chloride  tube  are  detached  and  carefully 
weighed ; the  increase  in  weight  of  the  latter  gives 
the  amount  of  water  produced,  and  the  increase  in 
weight  of  the  former  gives  the  amount  of  carbon 
dioxide  produced ; from  th£se  the  actual  weights  ol 
carbon  and  hydrogen  can  easily  be  calculated.  These, 
then,  will  be  the  weights  of  carbon  and  hydrogen 
that  were  present  in  the  weighed  quantity  of  sugar 
taken  ; from  which  the  percentage  composition  of  the 
sugar  can  then  be  calculated. 

The  following  account  of  a combustion  of  sugar 
will  serve  to  demonstrate  the  method  of  making  these 
calculations  : — 


Weight  of  sugar  employed  0-4  gramme. 
Weight  of  potash  bulbs  after  the  combustion  52-7425  grammes. 

before  „ 52-1250 


)) 


Weight  of  calcium  chloride  tube  after  the  | 
combustion.  ) 

Weight  of  calcium  chloride  tube  before  the  ) 
combustion.  ) 


•6175  gramme 
of  COo 
produced. 

33-4895  grammes. 


33-2575 


"2320  gramme 
of  HoO 
produced, 


Now  from  the  calculation  of  the  molecular  weight 
of  COo, 

C =12 

02  = 16  x 2 = 32 


44 

it  is  evident  that  every  44  parts  of  COo  contain  12 
parts  of  C by  weight ; therefore  what  weight  of  G 
will  be  contained  in  -6175  gramme  of  C02  ? 
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44  : -6175  : : 12  : x 

^ = •1684  gramme  of  carbon,  which  is  the  weight  of  carbon 
present  in  -4  gramme  of  sugar. 

Similarly,  from  the  calculation  of  the  molecular 
weight  of  HoO, 

H„  = 1 x 2 — 2 
* 0 ""  =16 

18 

it  is  evident  that  every  18  parts  of  H30  contain  2 parts 
of  H by  weight;  therefore  what  weight  of  H will  be 
contained  in  -232  gramme  of  H00  ? 

18  : -232  : :2:  x 

x = -0257  gramme  of  hydrogen,  which  is  the  weight  of 
hydrogen  present  in  -4  gramme  of  sugar. 

If  -4  parts  of  sugar  contain  ‘1684  parts  of  carbon, 
what  will  100  parts  of  sugar  contain  % 

•4  : 100  : : -1684  : x 
x = 42-10  per  cent,  of  carbon. 

If  -4  parts  of  sugar  contain  -0257  parts  of  hydrogen, 
what  will  100  parts  of  sugar  contain? 

•4  : 100  : : -0257  : z 
x = 6 42  per  cent,  of  hydrogen. 

As  sugar  is  composed  only  of  carbon,  hydrogen, 
and  oxygen,  if  the  sum  of  the  percentages  of  carbon 
and  hydrogen  be  deducted  from  100,  the  difference, 
viz.  51  48,  will  represent  the  percentage  of  oxygen. 


Carbon  . . . 
Hydrogen 
Oxygen  ... 


Percentage  composition 
of  sugar  as  obtained 
by  analysis. 

4210 

6-42 

51-48 


Percentage  composition 
of  sugar  as  obtained  by 
calculation  from  its 
formula. 

42-11 

6-43 

51-46 


100-00 


100-00 
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Determination  oc  the  carbon  and  hydro- 
gen in  an  organic  compound  containing 
nitrogen. — The  carbon  and  hydrogen  are  determined 
separately  from  the  nitrogen  ; the  process  of  combus- 
tion just  described  is  adopted,  but  it  is  necessary  to 
insert  in  the  fore  part  of  the  tube  at  d (Fig.  31)  a 
roll  of  copper  gauze  about  3 or  4 inches  long  ; this 
’is'  made  red-hot  before  commencing  the  combustion, 
and  reduces  any  oxides  of  nitrogen  that  may  be 
evolved,  converting  them  by  abstraction  of  their 
oxygen  into  free  nitrogen,  which  then  passes  un- 
absorbed  through  the  calcium  chloride  tube  and 
potash  bulbs,  and  so  escapes.  If  this  were  not  done, 
any  oxides  of  nitrogen  formed  would  be  absorbed  by 
the  caustic  potash,  and  so  would  vitiate  the  determina- 
tion of  the  carbon. 

Determination  of  the  carbon  and  hydro- 
gen in  an  organic  compound  containing 
chlorine,  bromine,  or  iodine. — Lead  chromate 
should  be  substituted  for  the  copper  oxide,  and  the 
combustion  proceeded  with  in  the  usual  manner,  the 
lead  chromate  keeping  back  the  halogen  elements. 

Determination  of  the  carbon  and  hydro- 
gen in  an  organic  liquid, — If  it  is  required  to 
determine  the  amounts  of  carbon  and  hydrogen  in  an 
organic  liquid,  such  as  alcohol,  a bulb  is  blown  on  the 
end  of  a piece  of  fine  capillary  glass  tubing,  the  whole 
being  of  about  the  size  shown  in  Fig.  32,  so  that  it 
can  be  easily  slipped  into  the  combustion-tube.  The 
bulb  is  first  accurately  weighed,  it  is  then  warmed 
over  a spirit  or  Bunsen  flame  to  expand  the  air  within 
it,  and  its  open  end  quickly  inverted  beneath  some 
of  the  alcohol  or  whatever  organic  liquid  is  being 
submitted  to  analysis  ; as  the  air  in  the  bulb  cools 
and  contracts,  the  alcohol  is  forced  up  into  it  by 
atmospheric  pressure,  and  when  the  bulb  is  full  of 
alcohol  up  to  a,  the  end  b is  inserted  for  a moment 
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or  two  into  a spirit  or  Bunsen  flame  in  order  to 
seal  it.  The  sealed  bulb  is  now  again  weighed,  and 
the  increase  of  weight  represents  the  amount  of 
alcohol  contained  in  it ; the  sealed  end  b is  then 
broken  off  and  is  placed  together  with  the  bulb  in  the 
platinum  boat  (b,  Fig.  31),  which  is  then  pushed 
into  the  combustion-tube,  and  the  combustion  pro- 
ceeded with  in  the  ordinary  way,  care  being  taken  to 


Fig  32.— Bulb  for  Weighing  Organic  Liquids. 

apply  heat  very  gradually  to  the  part  of  the  tube 
under  the  platinum  boat,  so  that  the  alcohol  shall  be 
slowly  converted  into  vapour,  which,  carried  by  the 
current  of  oxygen  over  the  red-hot  copper  oxide, 
becomes  completely  oxidised  to  carbon  dioxide  and 
water. 

Deterni i nation  of  the  nitrogen  in  an 
organic  nitrogenous  compound. — The  nitrogen 
of  an  organic  compound  is  always  determined  sepa- 
rately from  the  carbon  and  hydrogen  by  a special 
process.  There  are  three  methods  in  use  : — (i)  The 
soda-lime  process , by  which  the  nitrogen  is  converted 
into  ammonia,  the  amount  of  which  is  estimated ; 
(ii)  the  Kjeldahl  process,  in  which  the  substance  is 
heated  with  strong  sulphuric  acid  and  the  nitrogen 
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converted  into  ammonium  sulphate ; (iii)  Dumas' 
method , by  which  the  nitrogen  is  evolved  in  the  free 
state  and  measured.  Before  giving  the  details  of 
these  processes  it  will  be  convenient  to  describe  how 
an  organic  substance  is  tested  so  as  to  ascertain  ^ 
nitrogen  ije  present.’ ~Many"  substances  containing 
nitrogen,  when  heated  on  platinum  foil,  evolve  the 
smell  of  burnt  feathers  ; a better  test  is  to  heat  the 
body  with  soda-iinae,  when  most  organic  Bodies  con- 
taining nitrogen  evolve  ammonia,  which  can  be 
recognised  by  the  ordinary  tests ; the__most  satis- 


factory method  is  to  heat  a small  quantity  of  the 
substance  in  a test-tube  with  a small  piece  of  freshly- 
cut  metallic  sodium.  When  cold  the  mass  is  ex- 
tracted with  water,  the  solution  filtered,  boiled  with 
a mixture  of  ferrous  sulphate  and  ferric  chloride,  and 
finally  rendered  acid  with  hydrochloric  acid  ; if  the 
original  substance  contained  nitrogen,  the  acid  fluid 
will  be  dark  blue,  or  yield  a blue  precipitate.  By 
the  action  of  the  sodium,  sodium  cyanide  (ISTaCN)  is 
formed;  this,  by  boiling  in  the  alkaline  solution,  is 
converted  by  the  iron  salts  into  sodium  ferrocyanide, 
which,  when  acidified,  gives  with  the  ferric  salt 
Prussian  blue. 

(i)  The  soda-lime  process , or  Will  and  Varren- 
trapp's  method. — This  process  depends  upon  the  fact 
that  if  an  organic  nitrogenous  body  is  heated  with  a 
solid  caustic  alkali,  the  nitrogen  is  converted  into  and 
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is  completely  evol  ved  as  ammonia.  A piece  of  stout 
combustion-tubing,  about  15  inches  long,  is  drawn 
out  to  a point  at  one  end,  which  is  bent  nearly  to  a 
right  angle  (Fig.  33) ; the  posterior  third  of  this  (a, 
Fig.  34)  is  filled  with  the  granular  soda-lime  (a  mixture 
of  sodium  and  calcium  hydrates,  produced  by  slaking 

solution  ol 

themtrogen^us  orgamcsuostance 

Q */  o o 

is  then  thoroughly  mixed  with  more  soda-lime,  and 
the  mixture  introduced  into  the  combustion-tube  so 
as  to  occupy  the  middle  third  (b,  Fig.  34) , the 


Fig.  34.— Combustion-Tube  charged  for  the  Determination  of  Nitrogen 

by  the  Soda-lime  Process. 


anterior  third  of  the  tube  is  then  filled  up  with  soda- 
lime  (c,  Fig.  34),  in  front  of  which  is  placed  a plug 
of  asbestos,  d,  to  prevent  the  mechanical  carrying 
over  of  any  of  the  soda-lime.  To  the  charged  com- 
bustion-tube is  now  fitted,  by  means  of  g,  perforated 
cork,  the  piece  of  apparatus,'  e (Fig.  34),  consisting 
of  three  bulbs,  and  containing  a measured  quantity  ol 
dilute  sulphuric  acid  of  known  strength.  Heat  is 
then  applied  to  the  fore  part  of  the  tube  (c  and  d), 
and  when  this  has  become  red-hot  the  other  portions 
Df  the  tube  are  gradually  heated,  until  the  whole  is 
red-hot.  The  nitrogen  of  the  organic  substance  is 
converted  by  the  soda-lime  into  ammonia,  which  as  it 
bubbles  through  the  diluted  sulphuric  acid  contained 
in  the  bulbs  is  absorbed,  neutralising  some  of  the 
sulphuric  acid.  When  no  more  bubbles  pass  through 
the  acid  the  turned-up  extremity  of  the  combustion- 
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tube  is  broken  off,  and  air  is  drawn  through  the 
apparatus,  so  as  to  displace  any  ammonia  remaining 
within  the  combustion- tube  into  the  acid.  The  bulbs 
are  then  withdrawn  and  the  acid  turned  out  into  a 
beaker ; the  amount  of  free  acid  left  is  determined 
by  seeing  what  quantity  of  a standard  solution 
of  caustic  soda  is  required  to  neutralise  the  acid  left 
unneutralised  by  the  ammonia  ; the  difference  between 
this  amount  and  the  amount  originally  required 
by  the  standardised  sulphuric  acid  represents  the 
amount  of  acid  neutralised  by  the  ammonia,  from 
which  the  amount  of  ammonia  required  to  neutralise 
it  can  easily  be  calculated.  The  weight  of  nitrogen 
contained  in  this  amount  of  ammonia  then  repre- 
sents the  actual  weight  of  nitrogen  contained  in  the 
weighed  quantity  of  the  organic  nitrogenous  sub- 
stance operated  on,  from  which  the  percentage  of 
nitrogen  is  easily  calculated. 

(ii)  The  Kjeldahl  process. — In  this  process  about 
1 gramme  of  the  substance  is  carefully  weighed  and 
placed  in  a flask  holding  about  250  c.c.,  and  20  c.c.  of 
strong  sulphuric  acid  added  ; the  mixture  is  heated  on 
a sandbatli  for  one  hour,  nearly  to  the  boiling  point, 
about  8 grammes  of  dry  potassium  sulphate  in  powder 
are  added,  and  the  heating  continued  till  the  solution 
is  colourless.  When  cold  an  excess  of  sodium  hydrate 
is  added,  and  the  ammonia  distilled  over  and  collected 
in  a measured  quantity  of  standard  sulphuric  acid,  as 
in  the  previous  process  (i).  The  boiling  with  sulphuric 
acid  converts  the  nitrogen  into  ammonium  sulphate, 
which  the  sodium  hydrate  decomposes  into  free 
ammonia  and  sodium  sulphate. 

(iii)  Dumas'  method. — This  consists  in  burning 
the  organic  nitrogenous  substance  with  copper  oxide, 
passing  the  oxides  of  nitrogen  formed  over  heated 
metallic  copper,  to  reduce  them  to  nitrogen,  and 
collecting  the  nitrogen  in  a graduated  tube  over  a 
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strong  solution  of  caustic  potash,  which  absorbs  carbon 
dioxide,  but  not  nitrogen.  Before  commencing  the 
combustion,  the  air  within 
the  charged  combustion- 
tube  is  expelled  by  means 
of  carbon  dioxide.  To 
carry  out  this  process,  a 
piece  of  combustion- tubing, 
about  25  inches  long,  is 
sealed  at  one  end,  test-tube 
fashion  ; at  the  closed  end 
some  sodium  bicarbonate,  A 
(Fig.  35),  is  introduced, 
then  some  copper  oxide,  b, 
then  the  mixture  of  copper 
oxide  and  the  weighed  quan- 
tity of  the  organic  nitro- 
genous substance,  c ; after 
this  some  more  copper 
oxide,  D,  and  finally  a roll 
of  metallic  copper  gauze,  b. 

A piece  of  bent  tubing, 
dipping  beneath  the  surface 
of  mercury  in  a pneumatic 
trough,  is  then  connected 
to  the  charged  combustion- 
tube  by  means  of  a per- 
forated cork.  Before  the 
graduated  tube  f is  placed 
over  the  delivery  tube, 
heat  is  applied  to  the 
sodium  bicarbonate  at  a, 
so  that  the  carbon  dioxide 
evolved  shall  chase  out 
all  the  air  in  the  combustion  and  delivery  tubes. 
When  this  is  effected,  the  heat  is  removed  from  the 
end  A,  the  graduated  tube  f is  tilled  two-thirds  with 
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mercury  and  one-third  with  a strong  solution  of 
caustic  potash,  and  inverted  over  the  end  of  the 
delivery  tube — that  is,  beneath  the  surface  of  the 
mercury  in  the  trough.  The  combustion  is  carried 
on  by  first  making  the  fore  part  of  the  combus- 
tion-tube at  e red-hot,  and  gradually  extending  the 
heat  to  the  hinder  part  till  it  is  red-hot  through- 
out. Any  oxides  of  nitrogen  formed  are  reduced  by 
the  metallic  copper  to  free  nitrogen,  which,  along 
with  carbon  dioxide,  bubbles  up  through  the  mercury 
and  caustic  potash  in  the  graduated  tube,  the  carbon 
dioxide  being  completely  absorbed  by  the  caustic 
potash,  and  the  nitrogen  only  collecting.  When  the 
nitrogen  ceases  to  be  evolved,  the  end  a of  the  tube 
is  again  heated,  so  as  to  evolve  carbon  dioxide,  which 
expels  any  nitrogen  remaining  in  the  combustion-tube. 
The  volume  of  nitrogen  is  then  read  off,  from  which 
the  weight  can  be  calculated,  and  this  represents  the 
actual  weight  of  nitrogen  that  was  present  in  the 
weighed  quantity  of  the  organic  nitrogenous  body 
operated  on. 

Determination  of  chlorine  in  organic 
compounds. — A weighed  quantity  of  the  organic 
compound  is  heated  with  pure  quicklime  (CaO)  in  a 
combustion-tube,  by  which  means  the  chlorine  of  the 
organic  compound  is  converted  into  calcium  chloride ; 
the  contents  of  the  tube  are  then  dissolved  in  water 
and  nitric  acid,  and  silver  nitrate  added  to  precipi- 
tate all  the  chlorine  as  silver  chloride,  which  is  col- 
lected, washed,  dried,  and  weighed.  From  the  weight 
of  silver  chloride  the  amount  of  chlorine  present  is 
calculated,  and  this  will  be  the  actual  amount  of 
chlorine  present  in  the  weighed  quantity  of  the 
organic  compound  operated  on. 

Iodine  and  bromine  in  organic  compounds  are 
estimated  in  a precisely  similar  manner. 

Determination  ot  sulphur  in  organic 
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compounds. — A weighed  quantity  of  the  organic 
compound  is  heated  in  a sealed  tube  with  fuming 
nitric  acid  for  two  hours,  by  which  means  the  sulphur 
is  oxidised  to  sulphuric  acid  ; the  contents  of  the  tube 
are  boiled  with  water,  and  filtered  ; to  the  filtrate 
barium  nitrate  is  added  to  precipitate  the  sulphuric 
acid  as  barium  sulphate,  which  is  collected,  washed, 
dried,  and  weighed.  From  the  weight  of  barium  sul- 
phate the  amount  of  sulphur  present  is  calculated. 

Phosphorus  in  organic  compounds  is  oxidised  to 
phosphoric  acid  in  a similar  manner,  and  is  precipitated 
as  the  magnesium  ammonium  phosphate. 

Calculation  of  the  Formula  of  an  Organic 
Compound  from  the  Percentage  Composition. 

The  percentage  composition  represents  the  propor- 
tions of  the  elements  in  the  compound  by  weight ; as 
a formula  represents  the  proportions  of  the  elements 
in  atoms.  Since  the  atoms  of  different  elements  have 
different  weights,  to  change  the  proportions  by  weight 
into  proportions  by  atoms,  it  will  be  necessary  to 
divide  the  percentage  weights  of  the  elements  by  their 
respective  atomic  weights.  The  procedure  is  best 
demonstrated  by  taking  an  example ; that  of  acetic 
acid  will  be  taken. 

The  percentage  composition  of  acetic  acid  is  : 

Carbon  40-00 
Hydrogen  6-66 
Oxygen  03-34 


100-00 

These  proportions  of  the  elements  by  weight  are 
divided  by  their  respective  atomic  weights  to  find 
their  relative  proportions  as  atoms. 
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Carbon  40  00  — 12  — 3’33 
Hydrogen  6*66  ■—  1 ~ 6'66 

Oxygen  53  34  -f-  16  — 3'33 


The  numbers  representing  the  atomic  proportions 
are  then,  by  a common  divisor,  reduced  to  the  simplest 
possible  whole  numbers.  It  is  obvious  that  in  the 
present  case  3 '33  is  a common  divisor,  giving  the 
proportions  of  1 atom  of  carbon  to  2 atoms  of 
hydrogen  and  1 atom  of  oxygen,  which,  represented 
as  a formula,  is  : 


CHoO. 


This  is  the  empirical  formula  of  acetic  acid  ; that 
is,  it,  ts  jl^jnnp»lest  possible  expression  of.  its  com- 
position, representing  the  elements  of  which  it  is 
composed,  and  their  relative  proporEons^in  atoms  to 
'one  another.,  HL^moieeular  jormuia  mqjfig-fo'  1^ 
number  of  atoms  inthe  molecule  of  a body,  and  may 
be  the  same  as  the  empirical  formula,  or  some  simple 
multiple  of  it.  To  ascertain  the  molecular  formula  of 
acetic  acid,  its  vapour-density  must  be  taken  ; that  is, 
it  must  be  converted  into  vapour,  and  the  specific 
oravity  of  its  vapour  determined.  The  molecular 
weight  is  obtained  by  doubling  the  vapour-density, 
since  the  specilic  gravity  of  any  gas  or  vapour  is  half 
its  molecular  weight  ( see  page  43)  ; it  can  then  be 
easily  ascertained  whether  this  molecular  weight  is  the 
same  as  that  calculated  from  the  empirical  formula, 
or  some  multiple  of  it. 

Now,  the  vapour-density  of  acetic  acid  is  30  (that 
is,  its  vapour  is  30  times  heavier  than  hydrogen  at 
the  same  temperature  and  pressure),  therefore  the 
molecular  weight  of  acetic  acid  is  60.  The  formula 
CH^O  only  gives  a weight  of  30. 
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C = 12 

H0  =1x2=  2 

0"  — 16 

30 

Therefore,  the  double  of  the  empirical  formula,  viz 
C2H400,  must  be  the  molecular  formula  of  acetic  acid 
since  it  yields  the  molecular  weight  of  acetic  acid 
viz.  60. 

Co  = 12  x 2 = 24 
Ii4  = 1x4=  4 

02  = 16  x 2 = 32 

60 

A constitutional  or  rational  formula  indicates~not 
only  the  number  of  atoms  in  the  molecule  of  a body, 
but  also  the  way  in  which  those  atoms  are  arranged  ; 
that  is,  it  exhibits  the  constitution  or  architecture  of 
the  body-.  A constitutional  formula  can  only  be 
arrived  at  by  a series  of  experiments,  which  may 
require  to  be  very  elaborate,  and  the  description  of 
which  would  be  out  of  place  here  ; in  fact,  the  con- 
stitution of  many  organic  bodies  lias  not  yet  been 
ascertained. 

In  the  case  of  acetic  acid,  it  is  found  that  out  of 
therfo'ur  atoKlH  Of  “hydrogen  une-can- -be  displaced  by 
mefals,  and  therefore  must  be  differently  placed  to  the 
oilier  thrfie;  thisIiiayT^expi^e^e^'by  a constitutional 
formula  represented  thus  : 

hc2h302i 

which  indicates  the  different  position  of  the  hydrogen 
atom  that  can  be  displaced  by  metals,  and  also  shows 
the  grouping  of  the  remaining  atoms  together  to  form 
the  acetic  radicle , C2H302. 
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It  is  also  found,  as  the  result  of  experiments,  that 
the  three  hydrogen  atoms  are  present  in  acetic  acid  as 
'a  tn ethyl  group,  CHS  ; this  may  be  expressed  by  a 
constitutional  formula  represented  thus  : 


ch3 

COHO, 


which  shows  that  acetic  acid  is  composed  of  the 
radicle  methyl  (CHS)  united  with  the  radicle  oxatyl 
(COHO). 

TMTiormula  is  confirmed  by  the  action  of  phos- 
phorus pentachloride.  This  substance  may  be  said  to 
be  a test  for  the  group  HO  in  a compound ; whenever 
a substance  contains  this  hydroxyl  group,  phosphorus 
pentachloride  expels  it  from  the  molecule,  and  its 
place  is  taken  by  an  atom  of  chlorine. 

Acetic  acid  accordingly,  when  acted  upon  by  PC15, 


CH„ 

COC1 


(acetyl  chloride). 


Determination  of  Molecular  Weight. 

As  it  is  evident  that  the  determination  of  the 
molecular  weight  of  an  orgauic  substance  is  most 
important,  it  will  be  convenient  here  to  consider  the 
various  methods  by  which  the  molecular  weight  of  a 
substance  can  be  determined.  As  a rule,  purely 
chemical  methods  are  not  sufficient  to  determine  the 
molecular  weight,  and  we  have  to.  rely  on  two 
physical  methods — ^ the  defxrrMnation  of  the  specific* 
gravity  of  the  substance  in  the  state  of  gas  or  vapour, 
often  referred  to  as  its  vapour-density ; and  on  the 
depression  produced  in  the  freezing-point  of  a solvent 
by  a known  weight  of  the  substance.  Of  these  the 
first,  the  determination  of  the  vapour-density,  is  by 
far  the  most  important. 
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The  specific  gravity  of  a substance  in  the  state  of 
as 

either  (f a)  by  finding  the  weight 
dfa  known  volume  of  tlie  vapour 
at  a known  temperature  and 
pressure,  or  /m  by  finding  the 
volume  occupied  by  a known 
wgfght  of  the  substance  when 
converted  into  gas  or  vapour. 

As  an  example  of  “ a ” we  may 
cite  Dumas’  method.  In  this  a 
glass  bulb  (containing  about  200 
c.c.),  furnished  with  a long- 
drawn-out  neck,  is  partially  filled 
with  the  substance  the  specific 
gravity  of  whose  vapour  is  to  be 
determined.  The  bulb  is  then 
plunged  into  a heated  liquid,  so 
that  the  substance  boils  violent^, 
and  its  vapour  drives  out  all  the 
air  from  the  bulb.  When  this 
has  been  effected  and  the  bulb 
is  full  of  the  vapour,  the  end 
of  the  drawn-out  neck  is  fused 
up  by  a blowpipe,  the  tempera- 
ture of  the  heated  liquid  and  the 
barometer  being  simultaneously 
noted.  The  bulb  is  then  with- 
drawn, cleaned,  and  weighed. 

The  weight  of  the  empty  bulb 
is  deducted,  and  thus  we  get  the 
weight  of  a known  volume  of  the 
vapour  at  a known  temperature  /?. 
and  pressure : from  this,  after 
certain  corrections,  we  can  cal- 
culate the  specific  gravity  of  the 
vapour  at  0°  and  760  mm.  (For  full  details,  see 


o a, 
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“ Quantitative  Analysis,”  Clowes  and  Coleman, 
page  421.) 

The  method  which  is,  however,  usually  employed 
belongs  to  the  second  class,  “ b.”  It  is  known  as 
Victor  Meyer’s  method.  A tube  about  two  feet  long  is 
expanded  at  its  lower  end  into  a bulb  A (Fig.  36)  ; it  is 
closed  at  its  upper  end  with  an  india-rubber  cork,  and 
lias  a short  delivery  tube  b inserted  a short  distance 
below  the  cork  ; the  delivery  tube  ends  in  a trough  d 
filled  with  water.  The  bulbed  tube  A is  surrounded 
by  a second  and  larger  tube  which  contains  water, 
anilin,  or  other  liquid  of  suitable  boiling-point.  This 
liquid  is  caused  to  boil,  and  its  vapour  heating  the  air 
in  A causes  it  to  expand  and  bubbles  escape  by  the 
lelivery  tube  into  the  air.  As  soon  as  bubbles  cease 
to  escape,  the  cork  is  removed  and  a weighed  quantity 
of  the  substance  contained  in  a small  bulb  ( see  Fig.  32) 
is  dropped  into  A,  and  the  cork  immediately  replaced. 
The  substance  is  at  once  converted  into  vapour,  which 
displaces  some  of  the  air,  and  this  displaced  air  is 
collected  in  the  graduated  tube  c,  which  has  been 
placed  over  the  end  of  the  delivery  tube.  The  liquid 
in  the  outer  tube  should  have  a boiling-point  20°  to 
30°  higher  than  that  of  the  substance  ; about  0T  grm. 
of  the  substance  should  be  taken. 

The  volume  of  the  gas  collected  is  corrected  for 
temperature,  pressure,  etc.,  to  0°  and  760  mm.  The 
weight  of  this  volume  of  hydrogen  is  then  calculated 
and  divided  into  the  weight  of  substance  taken.  As 
an  example  : '073  gramme  of  ether  displaced  25*3  c.c. 
of  air,  measured  at  21 -5°  C.,  and  pressure  718-6  mm., 
correcting  for  temperature. 


23-45  c.c, 
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the  pressure  was  718*6  - 19*1  (the  vapour  tension 
of  water  at  21*5)  = 699*5  mm. 


00  . - 699‘5  01  ~ 

23*45  x — — — = 21-5  c.c. 

/ 60 

the  volume  of  gas  displaced  when  reduced  to  0°  C, 
and  760  mm. 

Now  this  volume  of  hydrogen  weighs 

2! -5  x j)896  _ .00192, 

1,000 

and  the  specific  gravity  of  ether  vapour  equals 


*073 

•00192 
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The  second  method , that  of  determining  the 
molecular  weight  by  the  depression  of  the  freezing- 
point,  is  generally  carried  out  in  an  apparatus  invented 
by  Beckmann.  It  consists  of  a stout  glass  vessel  a 
(Fig.  37),  which  contains  cold  water,  ice,  or  ice  and 
salt,  according  as  glacial  acetic  acid,  benzene,  or  water 
is  used  as  the  solvent.  In  this  is  fixed  a large  test- 
tube  b,  furnished  with  a wide  side  tube  c,  which  is 
closed  by  a cork.  The  upper  end  of  the  tube  b is  also 
closed  by  a cork,  through  which  pass  a delicate 
thermometer  d,  divided  into  T^ths  of  a degree,  and 
a platinum  wire  E,  bent  at  its  lower  end  to  form  a 
stirrer.  The  lower  end  of  b is  surrounded  by  an 
empty  tube  f,  which  serves  as  an  air-jacket,  and 
ensures  a gradual  change  of  temperature.  A known 
weight  of  the  solvent  (usually  water  or  glacial  acetic 
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acid)  is  introduced  into  the  tube  b,  which  is  then  im- 
mersed in  the  cooling  vessel  A : the  solvent  is  vigor- 
ously stirred,  allowed  to  freeze, 
and  the  freezing-point  noted. 
A weighed  quantity  of  the 
substance  is  then  introduced 
by  the  side  tube  c,  and  the 
experiment  repeated,  the  freez- 
ing-point being  again  noted. 
The  difference  in  temperature 
between  the  two  observations 
gives  the  lowering  of  the  freez- 
ing-point produced  by  a given 
weight  of  the  substance. 

Now,  Raoult  and  others 
have  shown  that  if  a mole- 
cular weight  of  a substance  in 
o;rammes  is  dissolved  in  100 
grammes  of  a suitable  solvent, 
the  depression  of  the  freezing- 
point  produced  is  always — 
within  certain  limits  — the 
same,  whatever  the  nature  oj 
the  substance.  This  depression 
is  therefore  a constant  for  any 
one  solvent ; for  water  it  is 
19,  for  glacial  acetic  acid  39. 
Tt  is  denoted  by  the  letter  K. 
It  lias  also  been  proved  that 
if  the  solution  is  dilute,  the 
depression  produced  is  propor- 
tional to  the  weight  of  the  sub- 
stance dissolved ; thus,  if  one 
gramme  of  a substance  dissolved 
in  100  grammes  of  a solvent  produces  a depression  of 
•0G°,  two  grammes  will  produce  a depression  twice  as 
great,  T2,  etc.  So  if  one  gramme  be  dissolved  in  100 


Fig.  37. — Beckmann’s  Appa- 
ratus for  Determining  the  De- 
pression of  theFreezing-point. 
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grammes  of  the  solvent,  then  the  observed  depression 

. , 

(D)  = K x — = z ; t~t}  K being  the 

v ' molecular  weight 

depression  produced  by  a molecular  weight  in  grammes. 

Similarly,  if  G grammes  be  used, 

D = g *-g  or  M.  W.  = 

M.  W.  D 

As  an  example,  13-68  grammes  of  dextrose  were  dis- 
solved in  100  grammes  of  water,  and  produced  a 
depression  of  l-45°. 

i , 19  x 13-68  17Q-Q 

Molecular  weight  = — = i-iv  J. 

° 1*45 

The  molecular  weight  calculated  for  C6H1206  = 180. 


ISOMERIC  BODIES, 
'he  term  isomeric  (from 


i ^£P.Q£q 

art)  is  applied  to  tii oselboclics^ That  have  the  saimy 
cTc-entago  composition,  but  which  clifler  in  their 
nTnerSesT- EHJEfie^vmrcrs^n^ 

1 1 ■ i ii  , r—  iif^i  i 


'’nosed  of^he  sa 
Cions,  mit  ve 


lemei 
are  entirely 
iTarelvjcImer1? 


?or 


wV 


lodies, 


_ ^^■  propertigSj,  '^.uiese 
CIS’s  jireAfuebto  A ^lfferemTaiTang'^eiiV 


mtpro 

ns^atoms  iiE  the,  moleculesjol  s0 

^ffj^ugPi^omeri^^ffm^i^f^B'esg^ecom^osh 
felon,  they  have  a different  constitution^  1 TTff  mdanw, 
loiPof  tu rp entine^ES^ffi^HSmon^r^som eric  bodies ; 
| they  both  possess  the  formula  C10H16,  yet  they  differ 
"markedly  in  their  properties,  and  this  difference  is  due 
to  different  arrangements  of  the  atoms  in  their  respec- 
tive molecules  ; although  the  atoms,  or  chemical  bricks, 
out  of  which  two  substances  are  constructed  are  the 
same,  yet  the  architecture  of  their  molecules  is 
enti  relycfitterent. 
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Isomeric  bodies  are  generally  divided  into,  two 
grojops— those  the  members  of  which  have  the  same 
momcularweight^and  which  are  called  simply  isomeric 
^octieTT  (^TLosethe  members  of  which,  whilst  having 
the  same  percentage  composition,  v etditfer  in  moler 
e'U  muvwmcn  are  called  polymeric  boclies 

(from  ^toAvq,  many,  and  fitpog , part). 

As  examples  of  isomeric  boclies  may  be  mentioned  : 


urea  CO 
ordinary 


NH, 

nh; 

ether 


and  ammonium  isocyanate(NH4NCO); 
(C0H5)oO,  and  methyl  propyl  ether 


(CH3 

(CH3,  C.,H7,  O) ; propionic  acid  < CH0  ; methyl 

( COOH 

{CH  ( H 

Co6cH3,and  ethyl  formafce  | COOCoHj  ; 
oil  of  turpentine  (C10H16)  and  oil  of  lemons  (C10Hlc). 
As  examples  of  polymeric  bodies,  acetylene  (C2H3)  and 
benzene  (C6Hc) ; cyanogen  (CN)0  and  paracyanogen 

(CN)n). 


CHAPTER  III 


CYANOGEN  GROUP. 


Cyanogen — Potassium  Ferrocyanide — Potassium  Cyanide — Hydro- 
cyanic Acid — Tests  for  Hydrocyanic  Acid  and  Cyanides— 
Potassium  Ferricyanide — Methyl  Cyanide — Ethyl  Cyanide 
— Potassium  Cyanate — Ammonium  Cyanate — Potassium  Sul- 
phocyanate — Urea.  y* 

» € jf- 

Cyanogen  (C3NgV — The  name  cyanogen  (from 
vavog,  blue  ; yervcuo,  to  generate)  is  due  to  the  fact 
that  some  of  the  double  cyanogen  compounds  possess 
brilliant  blue  colours. 

Preparation  of  cyanogen.— Cyanogen  is  a 
gas^  and  is  obtained  by  heating  either  mercuric 
cyanide  or  silver  cyanide. 


Properties  of  cyanogen.  — Cyanogen  is  a 
colourless  gas,  possessing  a peculiar  odour  somewhat 
resembling  that  of  the  essential  oil  of  bitter  almonds ; 
it  is  soluble  in  water,  and  is  very  poisonous.  It  burns 
with  a characteristic  coloured  flame,  the  colour  re- 

ii#  »ij  f*ji  til  i*i  l 


than  air ; its  molecular  weight  is  52,  and  its  formula 
(CN)2.  is  often  written  Cv. 


COE 


Wbwr 
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burnt,  constitute  the  best  means  for  the  recognition 
of  cyanogen. 

Potassium  ferrocyanide  (K4FeCy6).  -rj^ys 
body  is  the_  ancestor  of  the  cyanogen  compound^ 
e?*^cyanogen  cbiSipounds  exist  m naturejrofs 
necessary  that  one  or  more  of  them  should  be  made 
by  some  artificial  process,  and  the  cyanogen  compound 
that  is  prepared  artificially  is  potassium  ferrocyanide. 
To  prepare  this  substance  it  is  necessary  to  employ 
some  potassium  salt  to  furnish  the  potassium,  the 
metal  'lronTo  iVirinsIi  the  iron,  and  _some  organic  sub-^ 
in  carbon  anil  nitrbge?t7T?TTrtfWT5H^^ 
el  'em  ent  s”  To  r the  production  of  the  cyanogen.  It  is 
made,- tlierefore,  by  roasting  together  potash" um  car- 
bonate, iron  filings,  and  animal  matter,  such  as  hoofs, 
horns,  and  scraps  of  hide,  substances  that  are  rich  in 
both  carbon  and  nitrogen.  Under  the  influence  of 
the  heat,  and  in  presence  of  the  other  substances, 
th  e carbon  and  nitrogen  unitetoform  cyanogen, 
wTrt<Sh."vitli  tEe  polassium  cffrT)hfiate,  fol^^otassium'' 
anide  and  with  the  iroiiforitfr  f^rous. 

On  boiling  the  melted  mass  wil 
wo  cyaiTilteT  unite  to  form  potassium 


terrocyan 


4KCy  + FeCy2  = 


Potassium 

cyanide. 


Ferrous 

cyanide. 


KtFeCy6 

Potassium 

ferrocyanide. 


Properties.— Potassium  ferrocyanide  occurs  in 
yellow  crystals,  nnrl  is  commonly  Known  as  i/ellojA 

imnougn  me  powerml  poisons 
hy d r ocy a n 1 c acid  an d potassium  cyanide  are  made 
from  it,  yet  potassium  ferrocyanide  itself  is  non- 
poisonous.  It  is  decomposed  when  strongly  heated. 
(jJ-  with  producCjorTof  itoIassiumTcy anide  'and  carbide  of' 
iron.  -Potassium  ferrocyanide  is  decomposed  by  both 
-STroUg  and  dilute  sulphuric  acid,  but  with  different 
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results  in  the  two  cases.  If  heated  with  strong  sul- 
phuric acid,  carbon  monoxicfeTs  copiously  evolved. 


K4Fe(CN)6 

Potassium 

ferrocyanide. 


+ 


6H3S04 

Sulpliuric 


+ 6H90  = 2K,S04  + 


2 

Water. 


acid. 


Potassium 

sulphate. 


FeSO,  + 


'4 
Ferrous 
sulphate. 


3(NH4)3S04 

Ammonium 

sulphate. 


6CO 

Carbon 

.monoxide 


If  heated  with  dilute  sulphuric  acid,  hydrocyanic 
acid  only  is  evolved. 


2K4FeCy6 

Potassium 

ferrocyanide. 


+ 


3H3S04 

Sulphuric 

acid. 


= / 6HCy 

Hydrocyanic 
acid. 


FeK2FeCy6 

Ferro- potassium 
ferrocyanide. 


+ 3K9SO 


2UV4 
Potassium 
sulphate. 


Potassium  ferrocyanide  is  used  in  the  manu- 
facture of  Prussian  blue , which  is  ferric  ferrocyanide 
(Fe4(FeCy6)3),  and  which  is  prepared  by  adding 
potassium  ferrocyanide  to  a solution  of  ferrous 
sulphate.  The  precipitate  thus  obtained  is  oxidised 
with  dilute  nitric  acid  or  chlorine  water. 


Tests.— (Y)  Potassium  ferrocyanide  gives  with  a 
solution  of  ferric  ■“  """  - - 


iirnunruH 


[n;  A.  solution  of  copper  sulphate  gives  with 
potassium  ferrocyanide  a reddish-brown  precipitate  of  /j  ( 
copper  ferrocyanide.  J^iis  is  a most  delicate  test 
jr  the  salt. 


(iii)  Potassium  ferrocyanide  heated  with  dilute 
sulphuricTacid  evolves  the  odour  of  hydrocyanic  acid. 

Potassium  cyanIde“7TvCvl — ThbVsalt  is  "re- 
pared  ip  tluTform 01  commercial  cyanide  of  potassium 
used  for  photographic  purposes,  and  also  as  the  pure 
cyanide  of  potassium.  The  commercial  cyanide  of 
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potassium  may  be  prepared  by  strongly  heating 
potassium  ferrocyanide  ( see  page  364),  but  it  is  most 
flUliVyillWMf  pTepared  at  a lower  temperature  by 
fusing  together  potassium  ferrocyanide  and  potassium 
carbhhate."*'  The  cyanide  of  potassium  prepared  by 
tlTiT^process  is,  however,  always  mixed  with  some 
cyan  ate. 

• \ - ' 

K4FeCy6  + K2C03  = 5KCy  + KCyO  + 

Potassium  Potassium  Potassium  Potassium 

ferrocyanide  carbonate.  cyanide.  cyanate. 

Fe  + C02 

Iron.  Carbon 

dioxide 

Pure  cyanide  of  potassium  may  be  prepared  by 
neutralising  hydrocyanic  acid  with  caustic  potashj 
this  is  most  conveniently  effected  by  passing  the 
vapour  of  hydrocyanic  acid  into  an  alcoholic  solu- 
tion of  caustic  potash,  when  the  potassium  cyanide 
crystallises  out  as  it  is  formed. 

HCy  + KHO  = KCy  + H20 

Hydrocyanic  Caustic  Potassium  Water, 

acicl.  potash.  cyanide. 

Potassium  cyanide  may  also  be  prepared  by 
utilising  the  nitrogen  of  the  air.  This  is  effected  by- 
passing air  o ver  a mixture  of  potassium  carbonate  and 
charcoal  strongly  heated,  when  potassium  cyanide  is 
formed  and  carbon  monoxide  evolved. 

Properties.  — Potassium  cyanide  is  a white 
crystalline  solid,  evolving,  on  exposure  to  the  air,  the 
odour  of  hydrocyanic  acid.  It  is  very  poisonous  and 
is  readily  acted  on  by  acids,  hydrocyanic  acid  being 
evolved.  Both  strong  and  dilute  sulphuric  acid  de- 
compose it,  evolving  hydrocyanic  acid. 
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2KCy  + H2S04  = 2HCy  + K2S04 

Potassium  Sulphuric  Hydrocyanic  Potassium 

cyanide.  acid.  acid.  sulphate. 


II 


Potassium  cyanide  is  a powerful  reducing  sub- 
stance, thus  when  heated  with  litharge  it  forms 
metallic  lead  and  potassium  cyanate. 

Tests. — The  tests  for  potassium  cyanide  are  the 
same  as  those  for  hydrocyanic  acid  ( see  page  369). 

Hydrocyanic  acid  (HCN  or  HCy).— This  acid 
is  commonly  known  as  prussic  acid , on  account  of 
its  first  having  been  prepared  from  Prussian  blue  • it 
may  be  .prepared  from  potassium  ferrocvanide  or  mmf 
myTmetallic  cyamcler  ‘rhe  nyarocyamc  'acid  use 
11T"  mecrrcTilB  (Acutum  hydrocyanicum  dilutum ) is 
prepared  by  distilling  potassium  ferrocyanide  with  (/, 
dilute  sulphuric  acid  ( see  page  365),  and  diluting  the 
distillate  to  the  required  strength.  It  may  also  be 
prepared  by  shaking  together  solutions  of  potassium 
cyanide  and  tklTitriu  acid,  vv  liyir " the  flfiEassTum  ' a6id 
Jtartrate  is  deposited  on  standing,  leaving  the  hydro- 
cyanic acid  m solution. 


KCy 

Potassium 

cyanide. 


+ 


hah4o( 

Tartaric 

acid. 


= HCy  + 

Hydrocyanic 

acid. 


KHC.HA 

Potassium 
acid  tartrate. 


Pure  hydrocyanic  acid,  which  is  seldom  prepared 
on  account  of  its!  dxtfemely  poisonous  nature  and  the 
danger  incurred  by  the  operator  in  the  preparation  of 
it,  may  be  obtained  by  passing  dried  sulphuretted 
hydrogen  gas  over'heEtted  merciific  cyanide,  the  hydro 
cyanic  acid"vapour  being  condensed  in 
apparatus  surrounded  by  a freezing  mixture. 


a suitable 


HgCy2 

Mercuric 

cyanide. 


+ H2s  = 2HCy  + HgS 

Sulphuretted  Hydrocyanic  Mercuric 
hydrogen.  acid.  sulphide. 
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Hydrocyanic  acid  is  present  in  the  essential  oil  of 
bitter  almonds , being  produced  from  the  decomposition 
of  the  glucoside  amygdalin  under  the  influence  of  the 
ferment  emulsin  present  in  the  bitter  almonds,  the 
presence  of  water  being  necessary  for  the  emulsin  to 
act  on  the  amygdalin. 

I C20H27NOn  + 2H20  = C7H60  + 

Amygdalin.  Water.  Oil  of 

bitter  almonds. 

I 

HCN  + 2C6H1306 

(Hydrocyanic  Glucose. 

acid. 

Properties. — Hydrocyanic  acid  is  an  extremely 
powerful  and  rapidly  acting  poison  ; only  a very  dilute 
solution  of  it  is  employed  in  medicine,  the  Diluted 
Hydrocyanic  Acid,  B.  P.,  being  of  only  2 per  cent, 
strength.  If  dilute  hydrocyanic  acid  be  kept  for  some 
time  with  exposure  to  light  it  slowly  decomposes, 
becoming  converted  into  ammonium  formate. 

HCN  + 2H20  = NHtCH02 

Hydrocyanic  Water.  Ammonium 

acid.  formate. 


Hydrocyanic  acid  is  contained  in  essential  oil  of 
bitter  almonds,  essence  of  peach  kernels,  essence  of 
cherry  kernels,  bitter  almond  water  and  cherry  laurel 
f water.  The  strength  of  a sample  of  hydrocyanic  acid 
can  be  detcamiTned  by  ascertaining  the  weight  of  silver 
\ '~cyariTcTe  precipitated  by  adding  an  excess  of  silver. 
nitrate  solution  to  a known  quantity  of  the  diluted 
hydrocyanic  acid.  The  antidote,  in  cases  of  poisoning 
by  hydrocyaniAacicl,  is  to  convert  the  soluble  and 
diffusible  hydrocyanic  acid  into  the  insoluble  Prussian 
blue.  This  is  effected  by  giving  a draught  containing! 
a mixture  of  sodium  carbonate,  ferrous  sulphate,  and 
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ferric  chloride.  The  sodium  carbonate  forms  sodium 
cyanide. 

2HCy  4 Na3C03  = 2NaCy  4 

Hydrocyanic  Sodium  Sodium 

acid.  carbonate.  cyanide. 

HA)  + CO, 

Water.  Carbon 

dioxide. 


This,  with  the  ferrous  sulphate,  forms  sodium 

ferrocyanide  : 

6NaCy  4 FeS04  = Na4FeCy6  4 Na,S04 

Sodium  Ferrous  Sodium  Sodium 

cyanide.  sulphate.  ferrocyanide.  sulphate 

and  this,  with  the  ferric  chloride,  forms  Prussian  blue. 
4FeCl3  4 3Na4FeCyG  = Fe4(FeCyG)3  4 12NaCl 

Ferric  Sodium  Prussian  Sodium 

chloride.  ferrocyanide.  blue.  chloride.  . 

As  a matter  of  fact,  hydrocyanic  acid  is  so  rapid 
in  its  action  as  a poison,  that,  as  a rule,  there  is  not 
time  to  obtain  and  administer  so  complex  an  antidote 
as  the  one  just  described. 

Tests  for  hydrocyanic  acid.— Prussian 
blue  test. — This  consists  in  adding  to  the  hydrocyanic 
acid,  caustic  soda,  solution  of  ferrous  sulphate,  solution 
of  ferric  chloride,  heating,  and  then  acidifying  with 
hydrochlOl ir  fCcid.  The  first  three  reagents  act  as 
described  in  connection  with  the  antidote  (see  above)  ; 
the  hydrochloric  acid  is  finally  added  to  neutralise 
any  excess  of  caustic  alkali,  which  would,  if  present, 
prevent  the  development  of  the  Prussian  blue. 

0).  Sulpliocyanide  test.  — This  depends  on  the 
conversion  of  the  hydrocyanic  acid  into  ferric  sulpho- 
cyanide,  which  is  of  a deep  blood-red  colour.  Thip 
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conversion  is  effected  by  adding  to  the  hydrocyanic- 
acid  solution  of  ammonia  and  then  a few  drops  of 
yellow  ammonium  sulphide,  an(T  evaporating  the  mix- 
ture  to  a low  bulk';  to  the  concentrated  liquid,  hydro- 
chloric  acid  and  ferric  chloride  are  then  added,  when 
the^cleep  blood-red  colour  of  ferric  sulphocyanide  is 
produced.  The  solution  of  ammonia  converts  the 
hydrocyanic  acid  into  ammonium  cyanide. 

HCy  + NHS  = NH^Cy 

Hydrocyanic  Ammonia.  Ammonium 
acid.  cyanide. 

The  free  sulphur  contained  in  the  yellow  ammo- 
nium sulphide  then  converts  this  ammonium  cyanide 
into  ammonium  sulphocyanide. 


NH4Cy  + S = NH4CyS 

Ammonium  Sulphur.  Ammonium 

cyanide.  . sulphocyanide. 

This  sulphocyanide,  on  the  addition  of  ferric 
chloride,  forms  the  blood-red  ferric  sulphocyanide. 
The  hydrochloric  acid  is  merely  added  to  neutralise 
any  excess  of  ammonia  that  may  be  present,  which 
would  otherwise  prevent  the  formation  of  the  ferric 
sulphocyanide. 


FeCl3  + 

Ferric 

chloride. 


3N  Ii4CyS 

Ammonium 

rulphocyanide. 


Fe(CyS)3 

Ferric 

sulphocyanide. 


+ 


3NH4C1 

Ammonium 

chloride. 


In  some  respects  the  cyanides  resemble  the 
cl itgrides,  TidHPgivmg  a white  curdy  precipitate  with 


aismg 


is  prepared  from  potassium  "ferrocy  anide  by 
the  iron  from  the  ferrous  state,  in  which  it  exists  in 
the  ferrocyanide,  into  the  ferric  state,  in  which  it 
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exists  in  the  ferricyanide  \ this  is  most  conveniently 
effected  by  passing  chlorine  into  a solution  of  potas- 
sium ferrocyanide. 

2K4FeCy6  + Cla  = 3K3FeCy6  + 2KC1 

Potassium  Chlorine.  Potassium  Potassium 

ferrocyanide.  ferricyanide.  chloride. 

• 4, 

Properties. — Potassium  ferricyanide  occurs  in 
reddish-brown  crystals,  and  is  commonly  known  as  red' 
prussiate  of  potash.  With  a solution  of  a ferrous  salt' 
potassium  ferricyanide  gives"  a tfafk  Blilh  jTrecipirate!| 
With  ffehhc  salts  it,  gi vp.s  r^n  prpr.ipihfl.tp.  at  all, , bug 
merely  a dark  olive-green  colour,  and  hence  it  is 
"readily  distinguished  from  potassium  ferrocyanide, 
which  with  ferric  chloride  gives  a dark  blue  precipi- 
tate. It  is  a powerful  oxidising  substance. 

Alcoholic  Cyanides. 

Methyl  cyanide  (CHSCN).  — This  alcoholic 
cyanide  is  prepared  by  distilling  the  potassium  salt 
•ofjneth^ljsuljjjhurio^ 

KCH3S04  + KCN  = CHgCN  + K2S04 

Potassium  Potassium  Metliyl  Potassium 

methyl  sulphate.  cyanide.  cyanide.  sulphate. 


Ethyl  cyanide  (C2H5CN). — This  is  prepared  in 
a similar  manner  to  the  above  by  distilling  the  notas- 
sium  salt  of  ethyl  sulphuric  acia  with  potassium 

I) l_L_.J  .III  M II  I III  ’ fc. 

ramue. 


kc2h5so4  + KCN  = c2h5cn  + k2so4 

Potassium  Potassium  Ethyl  Potassium 

ethyl  sulphate.  cyanide.  cyanide.  sulphate. 


Potassium  sulphocyanate  or  sulphocy- 
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anide  (KCNS). — This  may  be  prepared  by  fusing 
together  potassium  ferrocyanide  and  sulphur. 

KtFeGVc  + 6S  = 4KCyS  + Fe(CyS)2 

Potassium  Sulphur.  Potassium  Ferrous 

ferrocyanide.  sulpliocyanide.  sulphocyanice. 

The  fused  mass  is  then  boiled  with  water  and 
potassium  carbonate  added  to  convert  the  ferrous 
sulpliocyanide  into  potassium  sulpliocyanide  and 
ferrous  carbonate,  the  latter  being  precipitated. 

Fe(CyS)2  + K2COs  = 2KCyS  + FeC03 

Ferrous  Potassium  Potassium  Ferrous 

sulpliocyanide.  carbonate.  sulpliocyanide.  carbonate. 

The  soluble  sulphocyanides  may  also  be  prepared 
by  direct  union  of  the  soluble  cyanides  and  sulphur, 
as  in  the  sulpliocyanide  test  for  hydrocyanic  acid  (see 
page  369).  Potassium  sulpliocyanide  is  present  in 

minute  quantities  in  the  saliva  of  man. 

Test. — Potassium  sulpliocyanide  gives  with  ferric 
chloride  a deep  blood-red  colour.  This  colour  is  not 
discharged  on  the  addition  of  strong  hydrochloric 
acid ; it  is  thus  distinguished  from  the  blood-red 
colour  given  by  ferric  chloride  with  an  acetate,  the 
colour  of  ferric  acetate  being  discharged  by  strong 
hydrochloric  acid  (see  page  434).  The  colour  of  ferric 
sulpliocyanide  is  discharged  on  the  addition  of  a 
solution  of  mercuric  chloride,  and  in  this  way  it  is 
distinguished  from  the  blood-red  colour  given  by 
ferric  chloride  with  meconic  acid  or  a meconate,  the 
red  colour  of  ferric  meconate  not  being  discharged  by 
mercuric  chloride  (see  Chapter  XI.,  Alkaloids). 

Cyanates  and  Urea. 

Potassium  cyanate  (KCNO). — This  may  be 
prepared  by  exposing  fused  potassium  cyanide  for 
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some  time  to  the  air,  when  oxygen  is  absorbed  and 
the  cyanate  formed  ; or  it  may  be  prepared  by 
dropping  a metallic  oxide,  such  as  lead  oxide,  into 
the  fused  potassium  cyanide;  the  latter  unites  with 
the  oxygen  of  the  lead  oxide,  forming  potassium 
cyanate,  and  the  metal  lead  is  set  free. 

Ammoaiiiiiii  cyanate  (NH^CNO). — This  salt 
is  pTSpared'  by  mixing'  solutions  of  potassium  cyanate 
and  ammonium  sulphate,  when  double  decomposition 
takes  place. 

2KCNO  + (NH4)3S04  = 2NH4CNO  + K2S04 

Potassium  Ammonium  Ammonium  Potassium 

cyanate.  sulphate.  cyanate.  sulphate. 

Alcohol  is  then  added  to  precipitate  the  potassium 
sulphate,  leaving  the  ammonium  cyanate  in  solution. 
This  salt  is  of  interest  as  its  isomer  uvea  (CO(lSrHo)2) 
can  be  prepared  from  it.  The  conversion  of  ammonium 
cyanate  into  urea  is  effected  by  simply  evaporating 
its  solution  to  dryness  on  the  water-bath,  when  urea 
is  left ; the  temperature  of  boiling  water  is  therefore 
sufficient  to  change  ammonium  cyanate  into  urea. 
The  urea,  in  its  turn,  may  be  reconverted  into  am- 
monium cyanate  by  raising  it  to  a dull  red  heat, 
when  ammonia  gas  is  evolved  and  cyanuric  acid 
formed. 

3CO(NH2)2  = H3C3N303  + 3NH, 

Urea.  Cyanuric  acid.  Ammonia. 

If  the  cyanuric  acid  be  more  strongly  heated,  it 
splits  up  into  cyanic  acid,  which  distils  over. 

= 3HCNO 

Cyanuric  Cyanic 

acid.  acid. 

If  the  cyanic  acid  is  neutralised  with  ammonia, 
ammonium  cyanate  is  reproduced. 
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As  urea  is  so  closely  connected  with  ammonium 
cyanate,  it  will  be  convenient  to  consider  it  here, 
although  it  belongs  to.  a.,  group  of  bodies,  the  amides, 
whose  structure  has  not  yet  been  studied  ( see  p.  383). 

Urea  or  carbamide  (CO(NH,),). — This  im- 
poTtftrlir  aTmid'e  occurs  as  a normal  constituent  of  urine, 
it  being  the  chief  form  in  which  the  waste  or  super- 
fluous nitrogen  of  the  system  is  eliminated.  As  an 
amide,  it  is  deiivetL  from  two  molecules  of  ammonia 
bv^ ijisnlacementTof  two  oufT oT^are  six  atoms  of 

icon 


The  formula  and~  constitution  of  urea  are  more 
conveniently  represented  by  showing  the  bivalent 
carbonyl  radicle  (CO)  in  direct  union  with  two  equi- 
valents of  amidogen  (NH0) ; thus  : 


CO 

\NH, 


Preparatioii.^^rJlTrea  may  be  extracted  from 
urine  by  evaporatingHme  urine  to  one- sixth  of  its 
bulk,  and  adding,  when  cold,  strong  nitric  acid  ; on 
standing,  yellowish  crystals  of  the  nitrate  of  urea  are 
.depositecrT’Tliese  are  collected  on  a filter,  dissolved  in 
boiling  water,  and  barium  carl  onate  added  to  form 
barium  nitrate  and  free  urea.  The  whole”  i§  then 
evaporated  to  dryness  on  a water-bath,  and  the  dry 
residue  exhausted  with  boiling  alcohol,  which  dissplygfi 
out  the  urea,  leaving^tlm  bari u in'"!!*  irate  insoluble; 
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the  filtered  alcoholic  solution,  when  evaporated,  de- 
iosits.  crystals  of  urea. 

"may  Be  prepared  from  its  isomer  am- 


irea 


momum  cyan  ate  by  simply  evaporating  a solution  of 
that  salt  to  dryness  on  a water-bath  ( see  page  373). 

^iih  Urea  is  obtained  by  heating  ammonium 
carbamate  (UH^UTUCC^),  so  as  to  deprive  it  of  the 
elements  of  water. 


CO 

\NH, 

Ammonium 

carbamate. 


— CO 

- \NHO 


+ 


Urea. 


HoO 

Water. 


A 


' g»  ® ' 


ea  can  also  be  obtained  by  the  action  of  am 
mohia  on  carbonyl  chloride  (COCh).  (See  page  162.) 


Cl 
Cl 

Carbonyl 

chloride. 


co< 


+ 2NH, 


Ammonia. 


— CO 

- MSTHo 

Urea. 


+ 2HC1 

Hydrochloric 

acid. 


0 Urea  is  also  produced  by  acting  on  ethyl 
carbonate^ CoH5)2C03)  with  ammonia. 


co<CHO  + 2NH3  = co<nh!  + 2CAH0 

Ethyl  5 
carbonate. 


Ammonia. 


Urea. 


Ethyl 

alcohol. 


Properties. — Urea  occurs  in  transparent  colour- 
less  crystals,  soluble  in  water  and  alcohol  ; under  the 
"Tfffl'ffel'ice  of  h"?at  it  evolves  ammonia,  producing  at 
first  biuret'  then  cyanuric  acid,  and  finally  cyanic  acid 
(see  p.  373).  Urea  is  neutral  to  test  paper,  but  if 
urine  is  exposed  to  the  air  it  soon  becomes  alkaline 
(owing  to  the  action  of  bacteria),  from  conversion  of 
the  urea  into  ammonium  carb<$Utte,  which  is  formed  by 
the  union  of  urea  with  the  elements  of  water. 
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CO(NH2)2  + 2H20  = (NH4)2C03 

Urea.  " " Water.  Ammonium 

carbonate. 

Urea  is  instep  tan  egii  sly  decomposed  by  nitrous 
acid,  carbon  dioxide  and  nitrogen  being  evolved.-" 

CO(NH2)3  + 2HN02  = C02  + 2N2  + 3H,0 

Urea.  - Nitrous  Carbon  Nitrogen.  Water, 

acid.  dioxide. 

It  is  also  decomposed  by  the  hypobromites  and 
hypochlorites  with  evolution  of  carbon  dioxide  and 
nitrogen ; thus  sodium  hypobromite  (NaBrO)  in 

presence  of  urea  is  reduced  to  sodium  bromide  (NaBr), 
its  oxygen  oxidising  the  carbon  and  hydrogen  of  the 
urea  to  carbon  dioxide  and  water  respectively,  the 
nitrogen  being  set  free. 

CO(NHo)2  +.  3NaBrO  = 3NaBr  + C02  +' 

Urea.  - Sodium  Sodium  Carbon 

hypobromite.  bromide.  dioxide 

N2  + 2H20 

Nitrogen.  Water. 

Estimation  of  urea  in  urine. — Hypobromite 
process. — This  process  consists  in  decomposing  the 
urea  in  a measured  quantity  of  urine  by  means  of 
sodium  hypobromite,  an  excess  of  free  caustic  soda 
being  present  in  the  hypobromite  solution,  so  that 
the  carbon  dioxide  is  absorbed  by  it,  and  only  the 
nitrogen  is  evolved  ; the  volume  of  nitrogen  evolved 
is  then  measured.  The  apparatus  (Fig.  38)  consists 
of  a bottle  a,  into  which  25  c.c.  of  a strong  alkaline 
solution  of  sodium  hypobromite  are  introduced  ; into 
this  is  carefully  lowered  a small  test-tube  b containing 
5 c.c.  of  the  urine  to  be  examined,  care  being  taken 
not  to  spill  any  of  the  urine  into  the  hypobromite 
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solution.  The  bottle  A is  then  connected  by  means  of 
a perforated  cork  and  india-rubber  tubing  with  the 
graduated  tube  b,  which  is  immersed  in  a reservoir  of 
water  c j before  the  commencement  of  each  experi 


Fig.  38. — Apparatus  for  the  Estimation  of  Urea  in  Urine  by  the  Hypo- 

bromite  Process. 

ment,  the  water  in  b is  adjusted  so  as  to  be  at  the 
zero  mark. 

The  bottle  a is  then  inclined  to  one  side,  so  as  to 
allow  the  urine  contained  in  the  small  tube  b to  flow 
into  the  hypobromite  solution,  when  the  urea  is 
immediately  decomposed  into  carbon  dioxide,  nitrogen, 
and  water  ; the  carbon  dioxide  is  instantly  absorbed 
by  the  caustic  soda  present  in  the  solution,  and  only 
the  nitrogen  escapes  with  effervescence.  Whatever 
the  amount  of  nitrogen  evolved,  there  will  be  an 
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equal  volume  of  the  air  contained  in  the  apparatus 
forced  over  into  the  measuring  tube  b,  where  the 
amount  can  be  read  off,  after  cooling,  by  lowering  b 
into  the  water  in  c and  then  raising  b until  the 
liquids  in  B and  c are  at  the  same  level,  and  from  its 
volume  the  amount  of  urea  contained  in  the  5 c.c.  of 
urine  can  be  determined.  Employing  5 c.c.  of  urine 
in  connection  with  each  estimation,  the  tube  b is  so 
graduated  that  the  numbers  1,  2,  3,  etc.,  marked  on 
it  represent  1,  2,  and  3 per  cent,  of  urea  in  the  urine. 

Tests. — A solution  of  urea  gives  (i)  a white  pre- 
cipitate witli  a solution  of  mercuric  nitrate. 

(ii)  An  effervescence  of  nitrogen  with  an  alkaline 
solution  of  sodium  hypobromite. 

(iii)  If  moderately  strong,  crystals  of  urea  nitrate, 
when  mixed  in  the  cold  with  strong  nitric  acid. 


379 


CHAPTER  IV. 


CLASSIFICATION  OF  ORGANIC  COM- 
POUNDS. 

Tiie  following  are  the  chief  groups  of  organic 
compounds,  with  illustrations  of  each  : — 

Hydrocarbons. — Compounds  of  carbon  and 
hydrogen  only.  A very  large  number  of  hydro- 
carbons exist  jthe  most  important  are  the  following: 
paraffins , pj)  olefines acetylene  series,  (cl))  ben- 
zene or  ardmcUic  series.  " " ITT 

Paralhris7 on  account  of  being  completely  saturated 
bgtfies,  Have  but  little  affinity  tor  other  elements, 
hence  the  derivation  oi  their  name  (from  yarunL. 
cTffiirts,  riffle  affinity.)  ; oletines  derive  their  name  from 
Olefiant  gas  or  ethene  (C2H4),  the  first  known  member 
of  the  group  of  unsaturated  hydrocarbons. 
,^-^tKparatfins  are  referable  to  the  general  formula 
rCnH,n+oN  that  is,  by  doubling  the  number  of  the 
curbuif  "moms,  and  adding  two,  the  number  of  the 
hydrogen  atoms  will  always  be  obtained.  The  sim- 
plest parafiin  is  methane  or  marsh  gas  (CH4). 


H 
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H H 

I I 

II— C— C— H 
H H 

Graphic  formula  of  ethane. 


<LH- 


The  three- carbon  paraffin  is  propane  (C3H8). 


H H H 


H— C—  C— C— H 


0.  kc 
'“I  "S 


H H H 

Graphic  formula  of  propane. 


The  simplest  olefine  is  ethene  or  olefiant  gas 
Tfiegraphic  formula  shows  that  two  of  the 
afOm-fixing  powers  of  the  carbon  atoms  are  not  united 
with  hydrogen,  but  these,  when  the  olefine  is  in  the 
free  state,  unite  with  one  another,  and  so  neutralise 
their  fixing  powers. 

f Y 

c — c 

H H 

Graphic  formula  of  ethene. 

Ifc  will  be  seen  that  the  three  paraffins  just  men- 
tioiietrrrrrrciH;;  e.;n~  constitute  a series,  any  . 
member  ot  wlncii  clitters^romtliesucceeding  one  by 
Oil.,  ; such  a series,  the  members  of  which  dither  in 
*fcmn position  fapreonstMit VfiTaTitTt^ “win'cri Tiave  sm nT a r 
reactions  and  show  a regular  gradation  of  physical 
er ties,  such  as  boiling  point,  melting  point,  etc., 

. , , i , y .'  — - ■ - 

is  called  a homologous  series. 
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Alcohols. 


The  hydrates  or  hydroxides  of  hydro- 
till  q monatomic  alcohols  are  the 

radicles  : 


_ _ hjT-drocarbon  radicles  : e.g. 

methyl  alcohol  (CHbHO)  and  ethyl  alcohol  (CqH. HO ^ ; 
the  diatomic  alcohols  are  the  hydrates  of  Bivalent 
hydrocaTBon  radicles  ; e.g.  ethylene  glycol  (Coll, 
^HO).i) ; the  triatomic  alcohols  are  the  hydrates  of 
tri valent  hydrocarbon  radicles  ; e.g.  glycerine 


(C,H5(HO)o)  ; ancfso  on. 

° Aldehydes. — Compounds  derived  from  alcohols 
by  the  abstraction  of  two  atoms  of  hydrogen  from  the 
molecule  of  an  alcohol,  e.g. — 


Ethyl  alcohol  C2H60. 


» Ethyl  aldehyde  C2H40 


u 


V 


They  are  generally  produced  by  the  gentle  oxi- 
dation of  the  alcohols  ; they  all  contain  the  group 
(COH),  thus  the  formula  of  aldehyde  may  be 

written  j as  ethyl  alcohol  may  be  written 


fCH3 
1 CHoOH. 


Ethers. — The  oxides  of  hydrocarbon  radicles. 
As  alcohols  are  the  hydrates  of  hydrocarbon  radicles, 
so  to  every  alcohol  there  is  a corresponding  ether,  the 
ether  being  the  oxide  of  the  radicle  of  which  the 
alcohol  is  the  hydrate  : e.g. — 


Methyl  alcohol  CIE.IIO.  Ethyl  alcohol  C2H5.HO. 

Methyl  ether  (CH3)2.0.  Ethyl  ether  (C2Ii5)3.0. 


Ethereal  salts  or  esters. — Compounds  of  the 
hydrocarbon  or  alcohol  radicles  with  acid  radicles. 

An  ethereal  salt  may  be  regarded  as  derived  from  an  r-  ' 
alcohol  the  hydroxyl  of  which  has  been  displaced  by 
a negative  radicle : e.g.— 
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Ethyl  nitrite  or  nitrous  ether  C2H5.N02, 
Ethyl  acetate  or  acetic  ether  C2H5C2H302 ; 


just  as  we  derive  from  potassiuui  hydrate  by  a similar 
replacement,  potassium  nitrite,  KN02,  etc. 

^If  the  negative  radicle  united  with  the  alcohol 
radicle  is  one  of  the  halogen  elements  (chlorine, 


’bromine,  iodine,  fluorine),  then  the  ethereal  salt  is 

"sometimes  called  a Haloid  ell  ter  : e.g. — 

- - ■ - - 


Methyl  chloride  CH3.C1. 
Ethyl  iodide  C2H5I. 


C>8*gaBiic  acids. — Compounds  containing  the 
raaichTox^^  (COOH)  united  usually  with 

some  other  radicle.  The  substance  united  with  the 
oxatyl  may  be  simply  hydrogen,  as  in  the  case  of  formic 
acid,  or  it  may  be  an  alcohol  radicle,  as  in  the  case  of 
acetic  acid,  or  it  may  be  oxatyl  itself,  as  in  the  case  of 
oxalic  acid. 


(H 

/ CHS 

(COOH 

\ COOH 

ICOOH 

\ COOH 

V. 

V. 

Formic 

V 

Acetic 

Oxnlic 

acid. 

acid. 

acid. 

The  basicity  of  the  acid  (see  page  36)  depends 
upon  the  number  of  oxatyl  (COOH)  groups  the  acid 
contains  ; if  it  contains  one  such  group,  as  in  acetic 
acid,  it  is  monobasic ; if  two,  as  in  oxalic  acid,  it  is 
, dibasic,  etc. 

It  is  instructive  also  to  notice  that  the  acids  may 
be  looked  upon  as  the  hydrates  of  oxidised  radicles. 
Thus,  (CJT;-)HO  is  ordinary  alcohol ; if  we  replace 
two  atoms  of  hydrogen  in  the  ethyl  by  one  of  oxygen 
we  have  the  oxidised  radicle  acetyl  (CoH.,0),  and  the 
hydrate  of  this  ((C2H;?0)H0)  is  acetic  acid. 

Anliy<lri<lcs. — These  may  be  regarded  as  the 
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acids  deprived  of  water,  or  as  the  oxides  of  the  oxi- 
dised radicles,  just  as  the  ethers  are  the  oxides  of  the 
hydrocarbon  radicles,  thus : 


CH, 
COOH 

Acetic  acid. 


H2Q  = 

Water. 


Acetic 

anhydride. 


Acetic  anhydride  can  also  be  written  (C2H30)20,  just 
as  ethyl  ether  is  written  (C2H5)20. 

Acid  Iialides  are  the  chlorides  and  other  salts  of 
the  oxidised  radicles,  thus  (C2H30)C1,  acetyl  chloride, 
etc. 


Ketones. — These  bodies  in  some  respects  re- 
semble the  aldehydes,  but  they  contain  the  group 
COR  (where  R may  be  any  organic  radicle),  instead 

f CH, 

of  the  group  COH,  thus  < qqqjj  5 acetone. 

Amines. — Bodies  derived  from  ammonia  (KH. 

‘ . . oil  l 


by  replacing  one  or  more  atoms  of  hydrogen  by  an 


organic  radicle,' 


NH0CH3  Methylamine. 
N(CH3)3  Trimethylamine. 


They  closely  resemble  ammonia  in  their  reactions 
and  properties. 

Amides. — Bodies  derived  from  ammonia  by  re- 
placing one  or  more  atoms  of  hydrogen  by  the  acid  or 
oxidised  radicles,  thus  : 


NJ13(C2H30^  Acetamide. 
KH3  \ Carbamide  or 


urea. 


The  amides  can  also  be  looked  upon  as  acids  in 
which  HO  gi cups  have  been  replaced  by  amidogen, 
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The  amides  are  usually  neutral  bodies  uniting  both 
with  acids  and  bases. 

Organo-metallic  bodies  in  which  the  radicles 
are  combined  with  metals,  as  Zn(C2H5)2,  zinc  ethyl. 

Organic  bodies  containing  sulphur,  sele- 
nium, etc.,  instead  of  oxygen,  as  sulphur  alcohol  or 


or  phosphorus  or  arsenic,  instead  of  nitrogen,  as 
kakodyl  ( As2(CH3)4). 


mercaptan  (C2H-HS). 


Sulphur  urea  CS 
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CHAPTER  V. 

HYDROCARBONS. 


Paraffin  or  Fatty  Series — Occurrence  in  Nature — Methane — 
Ethane  — Petroleum  — Olefine  Series  — Ethylene  — Acetylene 
Scries — Acetylene — Coal  Gas — Structure  of  Flame. 


The  paraffin  hydrocarbons  may  be  looked  upon  as 
the  hydrogen  compounds  or  hydrides  of  the  radicles 
methyl,  etc.,  thus,  marsh  gas  or  methane  ((CHAH), 
ethane  ((G,H5)H),  etc. 

It  is  a most  important  series  ; all  members  have 
the  formula  CuH2n  + 2 About  thirty  members  are  ' 
Tnown ; 'the  fir^'ftrcrr*are  gases.  Pentane  (C5H13) 
and  all  the  membership  to  C17H3(5are  liquids,  the  rest 
being  solids. 

They  are  all  mtui^ated  bodies — i.e.  none  of  the 
bonds  of  the  carbon  atoms  are  latent.  The  strongest 
acids  and  the  most  powerful  alkalies  fail  to  attack 
them.  When  mixed  with  chlorine  and  exposed  to 
light,  the  hydrogen  atoms  can  be  replaced  by  chlorine. 

Their  occurrence  in  nature  is  interesting.  In 
1847  a small  petroleum  spring  in  a Derbyshire  coal 
mine  was  discovered  by  the  late  Lord  Playfair  ; this 
was  purified  and  used  for  illuminating  purposes.  It 
soon,  however,  became  exhausted,  and  in  1850  Young 
obtained  a similar  oil  by  distilling  a hard  slaty  coal. 
This  industry  still  continues  in  Scotland.  Soon  after 
(in  1859)  a borehole  was  made  in  search  of  petroleum 
at  Titusville,  in  America,  and  a spring  was  struck 
yielding  800  gallons  a day.  Since  that  date  numerous 
springs  have  been  discovered  in  America,  Russia,  and 
elsewhere. 

Crude  petroleum  or,  as  it  is  called  in  this  country, 
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paraffin  oil,  is  a mixture  of  many  paraffins  and  a 
small  quantity  of  olefines.  The  latter  are  destroyed 
by  agitation  with  strong  sulphuric  acid,  the  acid 
neutralised  by  soda,  and  the  oil  distilled  in  fractions, 
which  are  separated  according  to  their  boiling  points. 
Thus,  the  most  volatile  portion,  boiling  40° — 70°,  is 
known  as  petroleum  ether;  that  boiling  70° — 90° 
as  gasoline  ; light  petroleum,  or  benzoline,  comes  over 
at  80° — 120°.  Then  we  have  the  portion  boiling 
120° — 170°,  which  is  sometimes  used  as  a substi- 
tute for  turpentine  ; next  come  the  ordinary  burning 
oils,  known  as  “ paraffin  ” or  kerosene,  boiling  150° — 
3Q_0°.  Above  these  we  have  lubricating  oils,  vase- 
line, and  various  tarry  substances  ; and,  in  the  dis-  j 
tillate  ‘from  shale,  paraffin  wax.  , 

(I.)  Paraffin  Series. 

A Methane  (CH4). — Known  also  as  marsh  gas , ; • 
^fire-damp,  and  light  carhuretted  hydrogen. 

SV‘"  Modes  of  preparation.— (i)  Bv  heating^  a 
fl  mixture  of  sodium  acetate  and  caustic  soda,  the  latter 
111  being  most  conveniently  employed  in  the  form  of 
1 ’*  soda-lime. 


NaC2H302 

Sodium 

acetate. 


+ 


NaHO 

Sodium 

hydrate. 


= oh4 

Methane. 


+ Na2C03 

Sodium 

carbonate. 


gen 


By  passing  a mixture  of  sulphuretted  hydro- 
Ind  the  vapour  of  carbon  disulphide  over  red-hot 


copper. 


2H2S 

Sulphuretted 

hydtogcn. 


+ 


cs2 

Carbon 

disulphide. 


+ 8Cu  = CH4  + 

Copper.  Methane. 


4Cu2S 

Cuprous 

sulphide. 


Methane  is  produced  by  the  slow  decom- 
posifion  of  vegetable  substances,  as  in  marshes  and 


Ci  ^ *<4to4 


i 
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stagnant  pools,  when  it  is  known  as  marsh  gas ; it  is 
‘ niso ' found  in  coal  mines,  where  it  is  known  as  fire- 
damp. It  issues  from  the  earth  in  enormous  volumes 
in  certain  localities,  the  Crimea,  Pittsburg,  etc. 

(iv)  Methane  is  formed  by  the  dry  or  destructive 
distillation  of  various  organic  substances,  and  is  one 
of  the  chief  constituents  of  coal  gas  (about  34  per 
cent.). 

(v)  Marsh  gas  can  also  be  produced  by  the  action 
of  water  upon  aluminium  carbide  (A14C3). 

Properties  of  methane. — A colourless,  in- 
odorous, and  tasteless  gas,  condensing  to  a liquid 
at  -164°. 

Its  specific  gravity  is  8,  and  it  is  therefore  much 
lighter  than  air  ; it  is  but  very  slightly  soluble  in 
water,  and  is  combustible,  but  not  a supporter  of 
combustion.  It  burns  with  a feebly  luminous  flame, 
producing  carbon  dioxide  and  water ; if  mixed  with 
oxygen  or  air,  and  a light  applied  to  the  mixture,  an 
expMgion  will  take  place ; this  is  the  chief  cause  of 
Tlie  'Ttmastroiis'’  explosions  that  occur  in  coal  mines. 
Methane  is  not  poisonous,  but  it  is  incapable  of 
supporting  life.  A mixture  of  methane  and  excess 
of  chlorine  exposed  to  bright  sunshine  explodes,  form- 
ing hydrochloric  acid  and  setting  free  carbon  ; but  in 
diffused  daylight  chlorine  acts  upon  methane  slowly 
and  quietly,  forming  a series  of  substitution  products 
according  to  the  amount  of  chlorine  used.  Thus,  if 
equal  volumes  of  methane  and  chlorine  are  employed, 
methyl  chloride  or  monochlormethane  (CH3C1)  is 
formed. 

CH4  + Cl2  = CH3CI  + HOI 

Methane.  Chlorine.  Methyl  Hydrochloric 

chloride.  ' acid. 

If  1 volume  of  methane  and  2 volumes  of  chlorine 
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are  employed,  bichloride  of  methylene  or  dichlor- 
methane  (CH2C12)  is  formed. 


CH4  + 2CL 


= CH.C1,  + 2HC1 


Methane. 


Chlorine. 


Methylene 

bichloride. 


Hydrochloric 
acid . 


If  1 volume  of  methane  and  3 volumes  of  chlorine 
are  employed,  chloroform  or  trichlormetliane  (CHC13) 
is  formed. 


CH4  + 3C13  = CHC13  + 3HC1 

Methane.  Chlorine.  Chloroform.  Hydrochloric 

acid. 


Lastly,  if  1 volume  of  methane  and  4 volumes  of. 
chlorine  are  employed,  carbon  tetrachloride  or  tetra- 
chlormethane  (CC14)  is  formed, 

CH4  + 4C12  = CC14  + 4HC1 

Methane.  Chlorine.  Carbon  Hydrochloric 

tetrachloride.  acid. 

Test  for  methane.--1 The  formation  of  chloro- 
form'by  the- exposure  of  a mixture" of  1 'volume  of  the 
^as  and  3 volumes  of  chlorine  to  diffused  daylight 
constitutes  the  best  test  for  methane. 

Ethane  (C3H6). — This  paraffin  may  be  considered 
as  “irmetriy'rfCS^,  or  ethyl  hydride  (C2H5)H,  and 
may  be  obtained  by  the  action  of  sodium  on  a solution 
of  methyl  iodide  in  ether. 

(i)  2CH3I  + 2Na  = C0H6  + 2NaI 

Methyl  Sodium.  Ethane.  Sodium 

iodide.  ‘ iodide. 


(ii)  By  electrolysis  of  sodium  or  potassium  acetate. 
2KC2H302  + 2H20  = C..H,.  + 2HKC03  + H2 

Potassium  ~ Water.  Ethane.  Potassium  Hydro- 
acetate. bicarbonate.  gen. 

In  its  properties  it  resembles  methane. 
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(ii.)  Olefine  Series. 


Ethylene  (C2H4). — Known  also  as  etliene , olefiant 
gd§',  and  heavy  carburetted  hydrogen . 

Modes  of  preparation — 0 By  heating  a 
mixture  of  one  volume  of  alcohol  and  four  v o 1 u m e^ToF"'  i 
strong  sulphuric  acid.  The  action  of  the  sulphuric  f 
acid  is  simply  that  oT  dehydration,  or  withdrawal  of  1 
the  elements  of  water  from  the  alcohol ; the  tem- 
perature of  the  mixture  must  be  above  154°. 


c2h6o  - h2o  = c2h4 

Alcohol.  Water.  Ethylene. 


((n)  By  passing  acetylene  (C2H2)  through  a mix- 
ture of  zinc  and  an  alkali  generating  nascent  hydrogen. 

c2h2  + h2  = c2h4 

Acetylene.  Hydrogen.  Ethylene. 

CE>  Ethylene  is  produced  during  the  dry  or 
destructive  distillation  of  many  organic  bodies — coal, 
for  instance — and  is  present  to  the  amount  of  about 
2 to  5 per  cent,  in  coal  gas. 

Properties  of  ethylene.— A colourless,  in- 
odorous, and  tasteless  gas  \ its  specific  gravity  is  14, 
and  it  is  therefore  a little  lighter  than  air  liquefies 
at,  - 103° ; it  is  very  slightly  soluble  in  water,  and  is 
combustible,  but  not  a supporter  of  combustion.  At 
burns  with  a very  luminous  flame,  producing  carbon" 

burnt  is  in  great  part  due  to  the  presence  of  ethylene 
in  the  gasf  A mixture  of  ethylene  ancP nyvrrm,  or 
air  explodes  on  the  application  of  a light.  Ethylene 
is  not  a direct  poison,  but  it  is  incapable  of  supporting 
life.  It  unites  with  chlorine,  bromine,  and  iodine, 
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forming  oily  liquids,  and  hence  its  old  name  of 
olefiant  gas  (from  oleum , oil,  and  jlans,  forming) ; its 
compound  with  chlorine,  ethylene  chloride  (C2H4C12), 
was  discovered  by  some  Dutch  chemists,  and  is  known 
as  Dutch  liquid.  Ethylene  dissolves  in  strong  sub 
phuric  acid  forming  ethylsulphuric  acid. 

c2h4  + h2so4  = hc2h5so4 

Ethylene.  Sulphuric  Ethylsulphuric 

acid.  acid. 

This,  when  boiled  with  water,  splits  up  into 
alcohol  and  sulphuric  acid. 

hc,h5so4  + H20  = C2H5HO  + HsS04 

Ethylsulphuric  Water.  Ethyl  Sulphuric 

acid.  alcohol.  acid. 

Ethylene  is  the  simplest  member  of  the  olefine 
series  of  hydrocarbons  ; they  have  the  general  formula 
CnH2n,  the  first  four  members  are  gases,  the  next 
fourteen  liquids.  They  are  unsaturated  bodies,  so 
that  chlorine  and  bromine  add  themselves  on  directly, 
as  in  the  formation  of  Dutch  liquid. 

Tests  for  ethylene.  — The  luminosity  with 
which  the  gas  burns,  combined  with  its  being  in- 
odorous, and  the  fact  that  it  forms  an  oily  liquid 
with  chlorine,  and  is  absorbed  by  strong  sulphuric 
acid,  constitute  the  best  means  for  the  identification 
of  this  gas. 

Propylene  (C3HG). — This  olefine  may  be  pre- 
pared by  heating  propyl  iodide  (C3H-I)  with  an 
alcoholic  solution  of  caustic  potash. 

C3H7I  + KHO  = C3HG  + KI  + HoO 

Propyl  Caustic  Propene.  Potassium  Water, 

iodide.  potash.  iodide. 


Acetylene. 
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(III.)  Acetylene  Series. 


Acetylene  (C2H2). — This  body  is  of  interest  in 
that  it  is  the  only  hydrocarbon  that  can  be  prepared 
by  direct  union  of  its  elements. 

Modes  of  preparation.^)  By  synthesis  j if 
the  electric  arc  is  produced  in  ah"  atmosphere  of 
hydrogen,  the  two  elements  will  unite  at  the  very 
high  temperature  produced,  and  about  9 per  cent, 
of  acetylene  is  formed? 


2C  + H2  = C2H2 

Carbon.  Hydrogen.  Acetylene. 

SBy  passing  the  vapour  of  chloroform  over 
copper. 

2CHCL  + 6Cu  = C2H2  + 3Cu2C10 

Chloroform.  Copper.  Acetylene.  Cuprous" 

chloride. 

(^v)  By  the  incomplete  combustion  of  ethylene 
(^2-®4b  as  when  the  coal  gas  in  a Bunsen  burner 
catches  fire  at  the  bottom  of  the  burner;  on  account 
of  the  insufficient  supply  of  air  under  such  conditions, 
only  part  of  the  hydrogen  of  the  ethylene  undergoes 
combustion,  acetylene  being  produced. 


2C2H4  + 02  = 2C2H2  + 2H20 

Ethene.  Oxygen.  Acetylene.  Water. 


action  of  water  on  calc-ium  carbide. 
2H20  = C2H2  + Ca(HO)2 

Water.  Acetylene.  Calcium 

hydrate. 


1 


Of  late  years  this  method  has  been  largely  used 
for  making  acetylene  for  illuminating  purposes ; 
3 lb.  of  carbide  yields  about  5 cubic  feet  of  nearly 
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pure  acetylene.  Care  should  be  taken  in  its  use. 
It  should  not  be  subjected  to  a pressure  of  more 
than  two  atmospheres.  The  calcium  carbide  (made  by 
heating  chalk  with  charcoal  in  the  electric  furnace) 
should  be  free  from  phosphide,  or  hydrogen  phosphide 
may  be  produced  and  fire  the  acetylene. 

Properties  of  acetylene. — A colourless  gas, 
possessing  an  unpleasant  odour ; its  specific  gravity 
is  13.  It  burns  with  a very  bright  and  (unless  the 
burner  has  a very  small  orifice)  smoky  flame,  on 
account  of  the  large  amount  of  carbon  contained  in  it ; 
if  mixed  with  chlorine  it  explodes  almost  instantly. 

COAL  GAS. 

Coal  gas  is  a mixture  of  gases,  consisting  mainly 
of  hydrogen  and  hydrocarbons,  produced  by  the  dry  or 
destructive  distillation  of  coal.  The  coal  is  heated, 
without  contact  of  air,  in  iron  retorts,  and  the  products 
of  its  destructive  distillation  are  made  to  pass,  firstly, 
through  condensers  in  which,  as  a result  of  the  cooling 
they  are  subjected  to,  the  heavy  coal-tar  and  the 
lighter  ammoniacal  gas-liquor  are  condensed  and 
collected  in  tanks;  and,  secondly,  the  gas  is  led 
through  towers  filled  with  wet  coke  to  dissolve  out 
the  ammonia,  and  then  through  purifying  chambers, 
containing  either  moist  slaked  lime  or  ferric  oxy- 
hydrate  spread  on  shelves,  either  of  which  removes 
the  gaseous  impurities  containing  sulphur,  the  former 
removing  carbon  dioxide  as  well  ; finally,  the  gas  is 
stored  in  a gasometer. 

The  constituents  of  coal  gas  may  be  divided  into 
three  groups — the  diluents , illuminants , and  impuri- 
ties. The  diluents  are  gases  which,  without  conferring 
much  luminosity  on  coal  gas  when  burnt,  yet  serve 
the  important  purpose  of  diluting  down  the  heavy 
hydrocarbons,  which  by  themselves  would  yield  a 
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smoky  flame  ; they  constitute  about  90  per  cent,  by 
volume  of  the  coal  gas.  The  illumiucints  are  hydro- 
carbon gases  or  vapours  rich  in  carbon,  and  to  their 
presence  the  luminosity  of  coal  gas  when  burnt  is  due; 
they  constitute  about  5 per  cent,  by  volume  of  the 
coal  gas.  The  impurities  consist  of  nitrogen  derived 
from  a little  air  getting  into  the  retorts  when  opened 
for  the  purpose  of  recharging,  and  of  some  carbon 
dioxide,  ammonia,  and  traces  of  sulphur  compounds 
which  may  have  escaped  removal  in  the  purifiers. 

Composition  of  coal  gas. — 

By  volume. 

j Hydrogen  C 52  per  cent. 

- Methane  or  marsh  gas  1 34  „ ,, 

( Carbonic  oxide  (.  6 ,,  „ 

? Ethylene  or  olefiant  gas 
1 Acetylene 
L Benzene  vapour 
f Nitrogen 
J Ammonia 

| Carbon  disulphide  vapour,  etc. 

[ Carbon  dioxide 

Structure  of  Gas  or  Candle  Flame. 

A gas  or  candle  flame  consists  of  three  layers 
(Fig.  39) — an  outer  or  colourless  layer,  a,  consisting 
of  completely  burnt  gases;  a middle  or  luminous  layer, 
b,  consisting  of  partially-burnt  gases,  and  containing 
floating  in  it  minute  particles  of  carbon  ; and  an 
inner  or  colourless  layer,  c,  consisting  of  unburnt 
gases. 

Taking  the  gas  flame  by  way  of  illustration,  in  the 
outer  layer  a,  both  the  hydrogen  and  the  carbon  of  the 
gaseous  constituents  are  completely  oxidised  by  the 
oxygen  of  the  air  to  water  and  carbon  dioxide ; to  the 
middle  layer,  b,  only  a limited  supply  of  oxygen  from 
the  air  can  gain  access,  most  of  it  being  used  up  in 
the  outer  layer ; the  hydrocarbons  are  therefore  only 


Diluents 

Illuminants 

Impurities 
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partially  burnt,  and  some  particles  of  carbon  (or  dense 
hydrocarbon  vapours)  which  are  set  free  are  rendered 
incandescent  by  the  heat  of  the  flame,  and  so  emit  the 
white  light  to  which  the  luminosity  of  the  flame  is  due. 
The  presence  of  free  carbon  in  the  middle  layer 
can  be  demonstrated  by  inserting  a piece  of  white 
porcelain  into  the  flame,  when  the  carbon  is  deposited 
on  it  as  soot  or  lamp-black.  The  inner  layer  of  the 


Fig.  S9. — Structure  of  Gas  or  Candle  Flame. 


flame  must  necessarily  consist  of  unburnt  gas,  since  as 
there  is  insufficient  oxygen  reaching  the  middle  layer 
for  the  complete  combustion  of  its  constituents,  none 
can  gain  access  to  the  inner  layer.  If  air  is  introduced 
with  the  gas  from  within  the  flame,  as  in  the  Bunsen 
burner,  then  complete  combustion  of  both  the  hydro- 
gen and  the  carbon  of  the  gas  occurs,  and  the  result  is 
the  colourless  Bunsen  flame. 

The  temperature  of  a gas  flame  is  very  high  in  an 
ordinary  flat  flame  burner,  about  1370°;  a Bunsen 
flame  is  about  1500°.  According  to  some  observers, 
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the  luminosity  of  a gas  flame  is  caused  by  the  decom- 
position of  the  ethylene  into  marsh  gas  and  carbon 
when  the  particles  of  the  latter  become  incandescent. 
The  enormous  economy  in  the  consumption  of  gas 
effected  by  the  Welsbach  incandescent  burner  is  due 
to  the  fact  that  the  86  per  cent,  of  hydrogen  and 
marsh  gas,  which  in  an  ordinary  burner  produces 
practically  no  light,  is  utilised  in  the  incandescent 
burner  to  heat  up  and  thus  render  luminous  the 
infusible  mantle. 


AaJm. 
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ALCOHOLS  AND  THEIR  DERIVATIVES. 


1.  Monohydric  Alcohols — Methyl  Alcohol — Methyl  Compounds — 
Ethyl  Alcohol — Ethyl  Compounds — Ether — Chloral — Chloro- 
form— Iodoform  — Propyl  Alcohol  — ButyJ  Alcohol  — Amyl 
Alcohol — 2.  Dihydric  Alcohols — Ethylene  Glycol — 3.  Trihy- 
dric  Alcohols — Glycerin. 


These  are  the  hydrates  of  the  univalent  hydro- 
carbon radicles,  and  therefore  contain  in  the  molecule 
only  one  hydroxyl  group.  They  are  therefore  analogous 
to  such  bodies  as  potassium  hydrate  (KHO),  etc.,  but 
they  differ  from  such  substances  in  having  very  feeble 
basic  properties ; they  do,  however,  combine  with 
acids  to  form  salts  or  esters,  as  CH3C1,  methyl  chloride, 
(CH3)2S04,  methyl  sulphate,  etc.,  just  as  potassium 
hydrate  combines  with  hydrochloric  acid  to  form 
potassium  chloride  and  water.  The  alcohols  of  prin- 
cipal medical  importance  are  those  containing  the 
radicles  (CnH2n+1)  homologous  with  methyl. 

The  principal  members  of  this  series  are  : 


Another  nomenclature  for  these  alcohols  is  that 
of  designating  methyl  alcohol  as  carbinol,  and  the 
alcohols  formed  by  successive  substitution  of  methyl, 
ethyl,  etc.,  for  an  atom  of  hydrogen  in  the  carbinol, 
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are  then  named  according  to  the  radicles  which  they 
contain.  Thus : 


Carhinol  or  methyl  alcohol 
Methyl  carhinol  or  ethyl  alcohol 
Ethyl  carhinol  or  propyl  alcohol 
Propyl  carhinol  or  butyl  alcohol 
Butyl  carhinol  or  amyl  alcohol 


CII3.HO. 

CH9(CH3).HO. 

cb;(C2h5).ho. 

OH2(C3H7).HO. 

ch2(C4h9).ho. 


The  graphic  formula  of  butyl  alcohol  may  be 
constructed  in  three  different  ways,  according  as  the 
carbon  atom,  in  union  with  the  hydroxyl,  is  diiect  y 
united  with  one,  two,  or  three  other  carbon  atoms. 
These  are  the  primary,  secondary,  and  tertiary  butyl 
alcohols.  Thus : 


H 


H—C— H 
H— C— H 
H— C— H 
H— C— H 
HO 

Primary  buty)  alcohol. 


H 

H— C— H 


H— 0— H 
HSC — 0 — H 

HO 

Secondary  butyl  alcohol. 


CHc 


HoC — 0 — CH3 


HO 

Tertiary  butyl  alcohol. 


These  three  alcohols  have  all  been  prepared.  The 
primary  alcohol  boils  at  117  , the  secondary  at  100  , 
the  tertiary  at  84°. 

Thus,  a primary  alcohol  is  one  in  which  the  carbon 
atom  in’  union  with  the  hydroxyl  is  only  directly 
united  with  one  other  carbon  atom ; a secondary 
alcohol  is  one  in  which  the  carbon  atom  in  union  with 
the  hydroxyl  is  directly  united  with  two  other  carbon 
atoms  : a tertiary  alcohol  is  one  in  which  the  carbon 
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atom  in  union  with  the  hydroxyl  is  directly  united 
with  three  other  carbon  atoms. 


Alcohols  of  the  (CnH2a+1)  or 
Methyl  Series. 

METHYL  ALCOHOL  AND  METHYL  COMPOUNDS. 

Methyl  alcohol  (CH3HO).— This  alcohol  may 
be  prepared  from  methane  or  marsh  gas  (OH4)  by 
acting  on  it  with  chlorine  to  form  methyl  chloride 
(CH3C1) ; if  this  is  decomposed  with  moist  silver 
oxide,  methyl  alcohol  is  produced. 


2CH3C1  + Ag20  + H20 

Methyl  Silver  Water, 

chloride.  oxide. 


2CH„HO  + 2AgCl 


Methyl 

alcohol. 


Silver 

chloride. 


Pure  methyl  alcohol  may  also  be  prepared  from  the 
oil  of  winter  green,  which  is  pure  methyl  salicylate; 
by  distilling  this  with  caustic  potash  or  soda  methyl 
alcohol  is  obtained.  Impure  methyl  alcohol,  commonly 
known  as  wood  spirit  or  wood  naphtha, , is  obtained  by 
the  diy  01  destructive  distillation  of  wood  {see  page 
433)  ; 10  per  cent,  of  this  wood  spirit  mixed  with 
rectified  spirit  formerly  constituted  the  methylated 
spirit,  of  commerce.  The  present  methylated  spirit 
contains  coal  tar  spirit,  which  renders  it  useless  for 
many  purposes  in  the  laboratory. 

Properties.— Methyl  alcohol  is  a colourless, 
inflammable  liquid ; it  produces  carbon  dioxide 
and  water  when  burnt.  In  the  pure  state  it  is 
free  from  the  disagreeable  smell  possessed  by  wood 
spirit.  Methyl  alcohol  is  converted  by  oxidation 
into  formaldehyde,  and  then  into  formic  acid;  this 
oxidation  may  be  effected  either  by  dropping  methyl 
alcohol  on  to  platinum  black,  the  occluded  oxygen 
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of  which  oxidises  the  alcohol,  or  by  distillation  with 
potassium  bichromate  and  sulphuric  acid. 


CH3HO 

+ 

O 

II 

(COOH 

+ h2o 

Methyl 

Oxygen. 

Formic 

Water. 

alcohol. 

acid. 

The  test  for  methyl  alcohol  is  to  convert  it  by  the 
last-mentioned  process  into  formic  acid  (for  the  detec- 
tion of  which  seepage  431). 

Methyl  chloride  (CH3C1). — This  may  be  pre- 
pared by  exposing  equal  volumes  of  methane  and 
chlorine  to  sunlight  ( see  page  388).  It  may  also  be 
prepared  by  the  action  of  phosphorous  chloride  on 
methyl  alcohol. 

3CH3HO  + PC13  = 3CH3Cl  + H3PO3 

Methyl  Phosphorous  Methyl  Phosphorous 

alcohol.  chloride.  chloride.  acid. 


Methyl  iodide . (CH3I).— This  is  prepared  by 
the  action  of  phosphorous  tri-iodide  on  methyl  alcohol. 

3CH3HO  + PI3  = 3CHoI  + H3PO3 

Methyl  Phosphorous  Methyl  Phosphorous 

alcohol.  iodide.  iodide.  acid. 


Methyl  oxide  or  methyl  ether  ((CH3)30). — 
This  is  prepared  by  heating  a mixture  of  equal  volumes 
of  methyl  alcohol  and  strong  sulphuric  acid,  when  it 
passes  over  as  a colourless  gas. 

Methyl  sulphuric  acid  (HCH3S04). — This  is 
prepared  by  the  action  of  sulphuric  acid  on  methyl 
alcohol,  with  moderate  heat. 

Dimetliyl-ketone  or  acetone  (0H3  — CO  — 
CH3). — This  ketone  is  prepared  by  the  action  of  dry 
heat  on  any  metallic  acetate. 
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2NaC2H303  = Na2C03  + CH3-CO-CH3 

Sodium  Sodium  Acetone, 

acetate.  carbonate. 


It  may  also  be  prepared  by  the  action  of  sodium 
m ethid e on  carbonyl  chloride. 


Cl -CO -01  + 2NaCH3=2NaCl  + CH3  - CO  - CH3 

Carbonyl  Sodium  Sodium  Acetone, 

chloride.  methide.  chloride. 


\ 


All  the  primary  alcohols  when  oxidised  form  first, 
the  corresponding  aldehydes  which  pass  into  the  fatty 
acid  containing  the  same  number  of  carbon  atoms. 


Thus,  methyl  alcohol  (|qjj . Ho)  ^orms  ({cOH^ 
formaldehyde,  and  then  ^ | ^)Q ) formic  acid. 


J 


A secondary  alcohol  when  oxidised  forms  a corre- 
sponding ketone,  whilst  a tertiary  alcohol  on  oxidation 
splits  up  into  a mixture  of  ketones  and  fatty  acids. 

By  the  action  of  metallic  sodium  upon  methyl 
alcohol,  it  is  found  that  only  one  atom  of  hydrogen 
can  be  replaced  by  sodium.  We  therefore  conclude 
that  one  of  the  atoms  of  hydrogen  is  differently  com- 
bined to  the  other  three.  Again,  methyl  alcohol  is 
produced  by  the  action’  of  potash  upon  methyl 
chloride  (CH3C1).  Now,  in  this  last  substance  the 
three  atoms  of  hydrogen  must  be  combined  with  the 
atom  of  carbon,  so  we  conclude  that  they  are  similarly 
combined  in  methyl  alcohol,  and  we  write  the  formula 
CH3HO.  This  is  confirmed  by  the  action  of  phos- 
phorus pentacliloride,  which  replaces  one  hydroxyl 
group  (which  presumably,  therefore,  exists  as  such) 
by  chlorine. 
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Ethyl  Alcohol  and  Ethyl  Compounds. 

Ethyl  alcohol  (ChH-TTOY- — This  constitutes  the 
ordinary  alcohol  of  commerce  as  contained  in  proof 
spirit,  rectified  spirit,  absolute  alcohol,  wines,  and 
lieers.  It  may  be  prepared  by  a synthetical  process, 
which  is  of  interest  as  showing  the  building  up  of  the 
alcohol  from  its  elements.  To  effect  this,  acetylene  is 
first  prepared  by  direct  union  of  its  elements,  by  the 
production  of  the  electric  arc  in  an  atmosphere  of 
hydrogen ; the  acetylene  (C2H2)  is  then  converted 
into  ethylene  by  nascent  hydrogen  (sodium  amalgam). 

c:2h2  + h2  = c2h4 

Acetylene.  Hydrogen.  Ethylene. 

The  ethylene  is  then  agitated  with  strong  sulphuric 
acid,  which  converts  it  into  ethyl  sulphuric  acid. 

c2h4  + h2so4  - hc9h5so4 

Ethylene.  Sulphuric  Ethyl  sulphuric 

acid.  acid. 


The  ethyl  sulphuric  acid,  if  distilled  with  water, 
yields  ethyl  alcohol  as  a distillate. 


hc2h5so4  + h2o  = c2h5ho  + h2so4 

Ethyl  sulphuric  Water.  Ethyl  Sulphuric 

acid.  alcohol.  acid. 


The  various  forms  of  ethvl  alcohol  met  with  jir^ 
commerce  are  obtained  by  the  fermentation  of  sugar 
under  the  influence  of  the  yeast.  If  a solution  of 
ordinary  'sugar  '(CJ2HJ2On)  is  mixed  with  yeast,  and 
the  mixture  kept  in  a covered  vessel  in  a warm  place, 
the  cane  sugar  is  first  converted  into  glucose. 


^12-^-22^11 
Cane  sugar. 


+ h2o  = 

Water. 


2C6Hi206 

Glucose. 
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The  glucose  is  then  decomposed,  by  the  fermentative 
action  of  the  yeast,  into  alcohol  and  carbon  dioxide, 
small  quantities  of  other  bodies  (such  as  glycerin, 
succinic  acid,  etc.)  also  being  produced. 


When  the  fermentative  process  is  finished,  the 
alcohol  is  obtained  in  a weak  state  from  the  mixture 
by  distillation.  This  weak  spirit  is  then  strengthened 
by  the  process  known  as  fractional  distillation,  which 
consists  in  distilling  it  in  portions,  the  greater  quantity 
of  the  alcohol  being  contained  in  the  first  distillate. 
It  is  not  possible  to  remove  all  the  water  by  the 
process  of  fractional  distillation  ; the  strongest  spirit 
that  can  be  so  obtained  is  rectified  spirit,  which 
contains  10  per  cent,  of  water.  To  prepare  absolute 
alcohol  from  this,  that  is,  alcohol  quite  free  from 
water,  the  rectified  spirit  is  mixed  with  freshly-burnt 
lime,  and  allowed  to  stand  for  some  hours  in  a closed 
vessel.  The  lime  unites  with  the  water,  forming 
slaked  lime,  and  the  pure  or  absolute  alcohol  can  then 
be  obtained.by  distillation.  In  the  preparation  of  malt 
alcoholic  liquors  (beer,  stout,  and  porter),  the  starch 
contained  in  barley  is  converted  by  a ferment  diastase , 
which  exists  in  the  barley  grain,  into  a mixture  of 
i dextrin  and  a form  of  sugar  known  as  maltose ; the 
latter  is  extracted  with  hot  water,  and  the  solution, 
when  sufficiently  cold,  fermented  with  yeast.  Maltose, 
unlike  cane  sugar,  is  directly  converted  by  yeast  into 
alcohol  and  carbon  dioxide. 

ll  Properties. — Ethyl  alcohol  is  a colourless  liquid 

Uvitli  a faint,  pleasant  smell,  and  is  readily  inflammable, 
^producing,  when  burnt,  carbon  dioxide  and  water. 
Yroof  spirit  contains  49  parts  by  weight  of  alcohol  in 
100  volumes,  and  is  of  sp.  gr.  0-920.  Rectified  spirit 


2C2H60  + 2CO 


Carbon 

dioxide 


2 


Ethyl 


alcohol. 
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contains  90  parts  by  volume  in  100  volumes  of  alcohol' 
and  is  of  sp.  gr.  0'834.  Absolute  alcohol  contains  no 
water,  and  is  of  sp.  gr.  0’793.  The  various  wines 
and  beers  met  with  in  commerce  contain  different 
amounts  of  alcohol,  as  shown  in  the  following  table  : 

...  From  36  to  60  per  cent,  by  volume. 

...  About  18  per  cent.  fl  „ 

...  About  12  per  cent.  „ ,, 

...  From  10  to  12  per  cent.  ,,  ,, 

...  From  3 to  6 per  cent.  „ ,, 

The  strength  of  alcoholic  beverages  is  expressed 
by  the  excise  as  under  or  over  'proof;  25  over  proof 
means  that  100  volumes  of  the  spirit  will  make  125 
volumes  of  proof  spirit;  25  under  proof  indicates  that 
100  volumes  of  the  fluid  contain  75  volumes  of  proof 
spirit. 

By  the  oxidation  of  alcohol  two  bodies  are 
obtained,  according  to  the  strength  of  the  oxidising 
agent  employed.  If  the  oxidising  agent  be  a weak 
one,  acetic  aldehyde  (C2H40)  is  produced.  If  the 
oxidising  agent  be  a strong  one,  acetic  acid  (C2H402) 
is  produced.  Thus,  by  distilling  ethyl  alcohol  with 
manganese  dioxide  and  sulphuric  acid,  acetic  aldehyde 
is  formed,  the  action  of  this  weak  oxidising  mixture 
being  merely  to  abstract  two  atoms  of  hydrogen  from 
the  alcohol  molecule. 

JCH,  0 _ rCH,  „ 

t CH,HO  + u - ■}  COH  + H2° 

Ethyl  Oxygen.  Acetic  Water, 

alcohol.  aldehyde. 

If  the  alcohol  be  distilled  with  potassium  bichro- 


Brandy  ) 
Gin 

Whisky  ) 
Port  1 

Sherry  j 
Champagne 
Claret  1 
Hock  / 

Beer 


404 


Chemistry . 


[Part  IV. 


mate  and  sulphuric  acid,  an  atom  of  oxygen  is  intro- 
duced and  acetic  acid  formed. 


CH3 

ch'ho 

Ethyl 

alcohol. 


+ o2  _ 

Oxygen. 


{ COOH  + H*° 

Acetic  Water, 

acid. 


The  metals  potassium  and  sodium  act  on  ethyl 
alcohol,  displacing  one  atom  of  hydrogen  from  the 
molecule,  and  forming  respectively  potassium  ethylate 
(G2H,KO)  and  sodium  ethylate  (C2H5NaO),  the  latter 
being  sometimes  employed  as  a caustic. 

If  chlorine  gas  be  passed  into  rectified  spirit, 
a variety  of  bodies  may  be  produced  : 

(i)  Aldehyde  may  be  formed  by  the  direct  with 
drawal  oFliyctFagen  by  the  chlorine. 

1 ^H3  ini  1 CH3  , 2HC1 

\ CH2HO  + U2  “ \ 0OH  + 

Ethyl  Chlorine.  Acetic  Hydrochloric 

alcohol  aldehyde.  acid. 

(ii)  Chloral  may  be  formed  by  the  further  action 
of  the  chlorine "Hn  this  aldehyde. 


| coil  + 3G1*  = {coir  + 3HC1 

Acetic  Chlorine.  Chloral.  Hydrochloric 

aldehyde.  acid. 

(iii)  Ethyl  chloride  may  be  formed  by  the  action 
of  the  hydrochloric  acid,  produced  in  the  former 
reactions,  upon  some  of  the  undecomposed  alcohol. 

C2H6HO  + HC1  = C2H5C1  + H20 

Ethyl  Hydrochloric  Ethyl  Water, 

alcohol.  acid.  chloride. 

(iv^  Acetic  acid-  may  be  produced  by  the  oxida- 
tion of  some  of  the  alcohol  by  oxygen,  this  gas  being 


Ethyl  Compounds . 
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liberated  by  the  action  of  chlorine  on  the  water  con' 
tained  in  the  rectified  spirit. 


/ch3 

\CH,HO 

Ethyl 

alcohol. 


+ ^2 

Oxygen. 


fCH3 

\COOH 

Acetic 

acid. 


+ 


h2o 

Water. 


(v)  Finally,  ethyl  acetate  or  acetic  ether  may  be 
formed  by  the  a'ctfon  of  the  acetic  acid,  produced  in 
the  former  reaction,  upon  some  undecomposed  alcohol. 


c2h5ho 

Ethyl 

alcohol. 


+ 


HCjH.0, 

Acetic 

acid. 


Ethyl  acetate. 


h2o 

Water. 


Ethyl  Compounds. 

Ethyl  chloride  (C2H5C1).— This  is  prepared  by 
the  action  of  phosphorus  trichloridpTon  ethyl  alcohol. 

3C2H5HO  + PC13  = 3C2H5C1  + H3P03 

Ethyl  Phosphorus  Ethyi  Phosphorous 

alcohol.  trichloride.  chloride.  acid. 

Ethyl  iodide  (C2H5I). — This  can  be  prepared 
by  the  action  of  phosphorus  tri-iodide  on  ethyl  alcohol. 

3C2H5HO  + PI3  = 3C2H5I  + H3P03 

Ethyl  Phosphorus  Ethyl  Phosphorous 

alcohol.  tri-iodide.  iodide.  acid. 


As  a rule,  the  iodide  is  made  by  the  direct  action 
of  phosphorus  and  iodine  on  the  alcohol  : 100  grammes 
of  iodine  are  added  gradually  to  50  grammes  of  alcohol 
and  10  grammes  of  amorphous  phosphorus,  the  mixture 
allowed  to  stand,  and  then  distilled.  The  distillate  is 
shaken  with  dilute  potassium  hydrate,  washed,  dried 
by  standing  over  fused  calcium  chloride,  and  finally 
redistilled  ; it  is  a colourless  liquid  boiling  at  72°. 
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2C2H,HO 

Ethyl 

alcohol. 


- h/j 

Water. 


= (03H5)20 

Ethyl 

ether. 


Ethyl  ether  ((C2H5)20).— This  is  commonly 
known  as  ether  or  sulphuric  ether.  It  is  the  oxicle  of 
ethyl,  but  the  process  for  its  preparation  will  be 
rendered  more  intelligible  by  regarding  it  as  ethyl 
^ ^ alcohol  partially  dehydrated.  Thus,  if  from  two 
A molecules  of  ethyl  alcohol  §ne  molecule  of  water  be~ 
I abstracted,  ether  is  obtained. 

• / 

tj^/O  \ 

^ 

The  process  for  preparing  ether  on  a commercial 
scale,  which  is  known  as  the  continuous  etherifica- 
tion process , consists  in  partially  dehydrating  ethyl 
alcohol  by  means  of  strong  sulphuric  acid.  This  pro- 
cess is  carried  out  by  distilling  a mixture  of  sulphuric 
acid  and  rectified  spirit,  the  latter  being  in  excess. 
The  ether,  as  it  is  formed,  distils  over,  the  sulphuric 
acid  remaining  in  the  retort,  and  therefore,  to  pre- 
vent the  sulphuric  acid  from  being  in  excess,  it  is 
necessary  that  as  fast  as  the  ether  distils  over  more 
alcohol  should  be  run  into  the  retort  so  that  the 
temperature  of  the  boiling  mixture  remains  between 
140°  and  145°.  If  this  is  effected  the  process  becomes 
a continuous  one ; hence  its  name.  The  sulphuric 
acid  does  not  directly  withdraw  the  water  from  the 
alcohol,  but  indirectly,  in  the  two  following  stages  : 

(i)  The  sulphuric  acid  first  forms  with  the 
alcohol,  hydrogen  ethylsulphate  (sulphovinic  acid  or 
ethyls ulphuric  acid). 


CJIbHO 

Ethyl 

alcohol. 


+ 


h2so4 

Sulphuric 

acid. 


hc2h5so4 

Hydrogen 

ethylsulphate. 


+ h20 

Water. 


(ii)  This  ethylsulphuric  acid  then  reacts  with  more 
alcohol,  forming  ether  and  sulphuric  acid. 
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c,h5ho  + HC3H5S04  = (CoH5)20  + h2so4 

"Ethyl  Hydrogen  Ether.  Sulphuric 

alcohol.  ethylsulphate.  acid. 

It  is  essentia],  for  the  production  of  ether  by  this 
process,  that  the  alcohol  should  be  kept  in  excess  : 
otherwise,  if  the  sulphuric  acid  become  in  excess,  it 
will  completely  dehydrate  the  alcohol,  forming  ethy 
lene  or  olefiant  gas. 

C2H60  - H,0  = CM, 

Ethyl  Wate.v  Ethylene, 

alcohol. 

Properties  of  etiier — The  ether  obtained  by 
the  process  just  given  contains  about  8 per  cent,  of 
alcohol,  from  which  it  can  be  purified  by  agitating 
with  water ; on  standing,  the  ether  rises  to  the 
surface  of  the  water,  leaving  the  alcohol  in  solution  ; 
the  ether  is  then  removed  from  the  surface  of  the 
water,  and  distilled  with  some  freshly-made  quicklime 
to  free  it  from  the  little  water  that  it  contains. 

Pure  ether  is  a colourless,  transparent,  very  mobile 
liquid,  with  a characteristic  fragrant  smell,  and  ex- 
tremely volatile.  Its  specific  gravity  is  0-720  ; it  boils 
at  35°.  It  is  very  combustible,  producing  carbon 
dioxide  and  water  when  burnt.  When  dropped  or. 
the  hand  it  occasions  a sharp  sensation  of  cold  from 
its  rapid  evaporation.  Ether  is  miscible  with  alcohol 
in  all  proportions,  but  in  water  it  is  soluble  only  to  a 
very  small  extent.  It  dissolves  many  fats,  oils,  resins 
and  alkaloids. 

Ethyl  nitrite  or  nitrous  etiier  (C2H5N02|, 
mixed”  with  aldehyde,  alcohol  and  other  substance's, 
is  contained  in  Sweet  Spirits  of  Nitre  ( Spiritus  cetheris 
nilrosi,  B.  P.),  which  contains  2|  per  cent,  of  ethyl 
nitrite.  This  preparation  is  made  by  distilling  together 
rectified  spirit,  copper  turnings,  sulphuric  acid  and 
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nitric  acid.  The  copper  reduces  the  nitric  acid  to 
nitrous  acid. 


HN03  + Cu  = HN02  + CuO 

Nitric  Copper.  Nitrous  Copper 

acid.  acid.  oxide. 


The  nitrous  acid  then  acts  upon  the  alcohol,  form- 


ing nitrous  ether. 


C2H5HO 

Ethyl 

alcohol. 


+ KNO.  = 


Nitrous 

acid. 


c2h-N02 

Nitrous 

ether. 


+ 


H20 

Water. 


The  preparation  of  nitrous  ether  by  this  process 
constitutes  a fairly  good  test  for  alcohol,  the  peculiar 
apple-like  odour  of  nitrous  ether  being  readily  recog- 
nised. 

JGlliyl  acetate  or  acetic  ether  (C3H5C2H302). 
— ThlsTTs  prepared* *by  distilling  rectified  spirit  with^ 
sodium  acetate  and  sulphuric  acid.  The  two  latter 
bodies  set  free  acetic  acid,  which  then  acts  upon  the 
alcohol  producing  acetic  ether. 


c2h5ho  + hc2h302 

Ethyl  Acetic 

alcohol.  acid. 


li,C,H,0.,  + H.,0 

Ethyl  " Water, 
acetate. 


Acetic  ether  is  a colourless  liquid  boiling  at  77°  ; it 
has  an  agreeable  fruity  odour.  Its  formation  by  heat- 
ing Sulphuric  acid  with  alcolTbl  and  an  acetate  is  often 
list’d  JUa  h lt!Hl  fbr  an  acetate. 

1 -TPFmTZTHX  c iliy I sulphate  or  sulphovinic 
acid  (HC2H5S04)  is  prepared  by  warming  a mixture 
of  equal  parts  of  ethyl  alcohol  and  sulphuric  acid. 

c2h5ho  + h8so4  = hc2h5so4  + h2o 

Ethyl  Sulphuric  Sulpliethylic  Water, 

alcohol.  acid.  acid. 
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It  can  also  be  prepared  by  beating  etliylene  with 
strong  sulphuric  acid. 

It  is  a thick  sour  liquid ; when  boiled  with  water 
it  yields  alcohol,  heated  with  alcohol  it  gives  ether, 
heated  alone  it  yields  ethylene. 

Ethyl  hydrosulphide  or  ethyl-mercaptan 

(C2H5HS). — This  is  prepared  by  distilling  a mixture 
of  potassium  hydrosulphide  and  calcium  ethyl 
sulphate. 

Ca(C2H5S04)2  + 2KHS  = 2C2H5HS  + 

Calcium  Potassium  Ethyl 

ethylsulphate.  hydrosulphide.  mercaptan, 

CaS04  + K2S04 

Calcium  Potassium 

sulphate.  sulphate. 


It  is  a liquid  with  an  extremely  unpleasant  ^ 
'nauseating  odour. 

Acetic  aldehyde  or  ordinary  aldehyde  / 

— 7 1 T ( 


Jgoh)  — It  may  be  prepared — 

\ti)  By  the  oxidation  of  ethyl  alcohol  by  means  of 
manganese  dioxide  and  sulphuric  acid. 


2Mn09  -f- 


Manganese 

dioxide. 


2H.SO, 


= 2MnSO,  + 


Sulphuric 
acid. 


Manganous 

sulphate. 


2H20 

+ Os 

Water. 

Oxygen. 

CHS 

CHoHO 

+ ^2 

- 2|CH^  + 
_ \ OOH  + 

2H00 

fj 

Ethyl 

alcohol. 

Oxygen. 

Aldehyde. 

Water 

(iiV  By  the  action  of  chlorine  upon  a mixture  of 
,vl  al 


ethyl  alcohol  and  water,  the  chlorine  uniting  with  the 
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hydrogen  of  the  water,  the  oxygen  of  which  oxidises 
the  alcohol  to  aldehyde. 


Properties. — Aldehyde  is  a colourless  liquid 
with  a peculiar  smell,  boils  at  20 ’8°,  and  is  very 
inflammable.  Its  name  is  derived  from  an  abbrevia- 


mto  acetic  acid ; reducing  agents  convert  it  into 
alcohol.  Chlorine  acts  upon  it,  forming  chloral  ( see 
below).  A polymeric  modification  of  it,  viz.  paralde- 
hyde (CgH1303),  is  prepared  by  adding  a few  drops  of 
concentrated  sulphuric  acid  to  aldehyde,  when  the 
liquid  becomes  hot,  and,  on  cooling,  crystals  of  paral- 
dehyde form.  When  warmed  with  potassium  hydrate 
aldehyde  is  converted  into  a solid  brown  mass  ( aldehyde 
resin).  Aldehyde  is  a powerful  reducing  substance 
precipitating  silver  in  the  metallic  state  from  ammo- 
niacal  solution  of  silver  nitrate.  It  combines  with 
free  ammonia  to  form  colourless  crystals  of  aldehyde 
ammonia  (CH3,  COH,  NH3),  which  are  decomposed  by 
acids,  liberating  aldehyde. 

Trichloraldehycle  or  chloral 


This  body  constitutes  what  is  commonly  known  as 
chloral,  the  hydrate  of  which  is  chloral  hydrate , a 
substance  largely  used  in  medicine  as  a hypnotic. 
Chloral  is  prepared  by  the  prolonged  action  of  chlorine 
upon  absolute  alcohol.  The  reaction  may,  for  the 
sake  of  simplicity,  be  regarded  as  taking  place  in  the 
two  following  stages : 

(i)  Chlorine  first  converts  the  alcohol  into 
aldehyde. 


2C,H60  + 03  = 


Ethyl  Oxygen, 

alcohol. 


2H,0 


Water. 


alcohol  deprived  of  part  of  its  hydrogen.  By  exposure 
to  the  air  it  absorbs  oxygen  and  becomes  converted 


tion  of  the  expression  almlMdi-SkJmdxDTifLML^  is 
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{ci;!Ho  .+  C1*  = {cot  + 2HC1 

Ethyl  Chlorine.  Aldehyde.  Hydrochloric 

alcohol.  acid. 

(ii)  The  chlorine  then  acts  upon  the  aldehyde, 
abstracting  three-fourths  of  the  hydrogen,  replacing 
it  by  chlorine,  and  so  producing  chloral. 

{cofl  + 3°h  = {coH  + 3H01 

Aldehyde.  Chlorine.  Chloral.  Hydrochloric 

acid. 

Properties. — Chloral  is  a heavy  liquid,  with  an 
extremely  pungent,  irritating  odour.  It  is  converted 
by  the  action  of  alkalies  into  chloroform  and  a formate 
of  the  alkali  metal.  Thus,  with  caustic  potash  it 
yields  chloroform  and  potassium  formate. 

C^HCloO  + KHO  = CHCI3  + KCH03 

Chloral.  Caustic  Chloroform.  Potassium 

potash  formate. 

With  slaked  lime  it  yields  chloroform  and  calcium 
formate. 


2C3HC130  + Ca(HO)2  = 2CHCI3  + Ca(CH00)2 

Chloral.  Slaked  " Chloroform.  Calciuin 

lime.  formate. 

• 

Just  as  aldehyde  is  oxidised  by  nitric  acid  to  acetic 
acid,  so  chloral  or  trichloraldehyde  is  oxidised  by 
nitric  acid  to  trichloracetic  acid,  thus  : 


2JCH3  + 0 - 

l COH  + '-’2  — 

Aldehyde.  Oxygen. 


2 


( OH, 

/ COOH 

Acetic 

acid. 
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CC13 

COH 


Chloral. 


+ 02  — 

Oxygen. 


, f CC13 
COOH 

Trichloracetic 

acid. 


Chloral,  when  mixed  with  water,  produces  a 
crystalline  mass  of  chloral  hydrate. 

Chloral  hydrate  ^C3HC130,  H30,  or|^^o)  g)- 

— This  body,  as  previously  mentione<\is  prepared , by 
the  action  of  water  on  chloral.  It  is  a white  crystal- 
line solid,  with  a very  faint  odour  of  the  liquid  chloral 
attached  to  it.  It  is  largely  used  in  medicine  as  a 
hypnotic,  and  has  been  stated  to  be  decomposed  by 
the  sodium  carbonate  of  the  blood  into  chloroform, 
though  it  is  very  doubtful  whether  such  a decom- 
position takes  place. 

Chloral  hydrate  is  decomposed  by  contact  with 
caustic  alkalies  into  chloroform  and  formate  of  the 
alkali  metal.  Chloral  hydrate  is  therefore  incom- 
patible with  alkalies,  and  should  never  be  prescribed 
with  them  in  medicine. 

Chloroform  (CHC1A — This  body  is  actually  a 
derivative  of  methane  (CH,),  from  which  it  may  be 
obtained  by  the  action  of  chlorine  ( see  page  388);  but 
since  all  the  chloroform  of  commerce  is  prepared  by 
the  decomposition  of  chloral,  it  is  more  convenient 
to  describe  its  preparation  in  the  present  section. 
Chloroform,  on  the  commercial  scale,  is  prepared  by 
distilling  a mixture  of  rectified  spirit,  chlorinated  lime 
(bleaching  powder),  and  slaked  lime.  The  formation 
of  chloroform  takes  place  in  the  three  following 
stages : 

(i)  Some  of  the  oxygen  of  the  chlorinated  lime 
(CaCl3,  CaCl303)  oxidises  the  alcohol  to  aldehyde. 
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{ch!ho  + 0 = {cok  + H*° 

Ethyl  Oxygen.  Aldehyde.  Water, 

alcohol. 

(ii)  The  aldehyde  is  then  converted,  by  some  of 
the  chlorine  of  the  chlorinated  lime,  into  chloral. 

{cOH  + 3C1*  = {cCh  + 3HC1 

Aldehyde.  Chlorine.  Chloral.  Hydrochloric 

acid. 

(iii)  The  chloral  is  then  decomposed  by  the  slaked 
lime  into  chloroform  and  calcium  formate,  the  chloro- 
form distilling  over. 

2C2HC130  + Ca(HO)2  = 2CHC1S  + Ca(CH08)3 

Chloral.  Slaked  ~ Chloroform.  Calcium 

lime.  formate. 

Properties  of  chloroform. — The  sp.  gr.  of 

chloroform  is  T5.  The  medicinal  chloroform  contains 
a minute  amount  of  alcohol,  and  is  of  sp.  gr.  1*497 ; 
it  boils  at  61°.  It  is  a thin  colourless  liquid,  with  a 
sweetish  taste  and  a pleasant  characteristic  odour.  It 
is  readily  soluble  in  alcohol  and  ether,  and  slightly  so 
in  water  (. Aqua  chloroformi).  It  is  difficult  to  kindle 
and  burns  with  a greenish  smoky  flame. 

Iodoform  (CHI3). — This  body  is  analogous  in 
constitution  to  chloroform.  It  is  prepared  by  warming 
together  sodium  carbonate,  alcohol,  water,  and  iodine. 
The  production  of  iodoform  constitutes  a very  delicate 
test  for  alcohol.  Iodoform  occurs  in  yellow,  shiny 
scales,  almost  insoluble  in  water,  but  soluble  in 
alcohol  and  ether.  It  has  a characteristic  penetrating 
and  somewhat  unpleasant  smell.  * 

Butyl  chloral  (C4H5C130,  or  j — A 

hydrate  of  this  body  is  used  in  medicine  under  the 
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name  of  croton  chloral,  which  was  the  original  name 
erroneously  applied  to  it.  It  is  a body  corresponding 
in  its  constitution  to  ordinary  chloral,  since  it  is 
trichlor-butyl-aldehyde,  that  is,  it  is  butyl  aldehyde 
(C4HgO),  from  the  molecule  of  which  three  atoms  of 
hydrogen  have  been  displaced  by  three  atoms  of 
chlorine.  It  is  a product  of  the  action  of  dry  chlo- 
rine on  ordinary  aldehyde  in  the  cold.  Its  hydrate 
(C4H5C130,  H30)  ( Butyl  chloral  hydras)  is  the 
ordinary  croton  chloral  used  in  medicine. 

Amyl  Alcohol. 

Amyl  alcohol  (C5HnHO). — Eight  isomerides 
of  this  body  (which  derives  its  name  from  amyluin 
. — starch)  can  theoretically  exist.  Two  of  these  are 
found  in  the  fusel  oil  obtained  in  the  preparation  of 
ordinary  alcohol  from  the  different  forms  of  starch. 
They  are  also  contained  in  crude  or  raw  whisky,  but 
the  sugar  obtained  from  potato  starch  yields  a more 
considerable  amount,  and  hence  this  alcohol  is  some- 
times called  potato  oil. 

Properties. — Commercial  amyl  alcohol  is  an  oily 
colourless  liquid  having  a peculiar  unpleasant  odour. 
It  is  not  appreciably  soluble  in  water,  but  floats  on  the 
surface  of  it  like  an  oil ; hence  its  name  fusel  oil. 
When  oxidised  it  yields  valerianic  acid. 

Amyl  nitrite  (CgH^NCXj). — This  compound  is 
prepared  by  a process  similar  to  that  employed  in  the 
preparation  of  ethyl  nitrite,  namely,  by  distilling  a 
mixture  of  amyl  alcohol,  copper  turnings,  sulphuric 
and  nitric  acids. 

Amyl  acetate  (C5HnC2H30.2). — This  substance 
is  prepared  by  distilling  amyl  alcohol  with  sodium 
acetate  and  sulphuric  acid.  It  constitutes  the  jar- 
gonelle pear  essence. 


Chap.  VI.] 


Tlh 


These  are  hydrates  of  the  bivalent  hydrocarbon 
radicles,  and  therefore  contain  two  -groups  of 
hydroxyl  in  the  molecule.  Several  of  them  exist 
under  the  name  of j/lycolq,  so  named  from  their  sweet 
taste,  but  as  they  are  of  no  importance  in  medicine, 
a brief  description  of  one  of  them  only  will  be  given 
here. 

Ethylene  glycol  dC^H,dHOYj}— This  is  pre- 
pared by  acting  on  ethp^ne  Kvifn  bro m ine  to  form 
ethylene  dibromide  (C2H4Br2),  and  then  decomposing 
“wifE  moist  silver  oxide. 


C2H4Br2  + Ag20  + H20  = C2H4(HO)2  + 2AgBr 

Ethylene  Silver  Water.  Glycol.  Silver 

cl  i bromide.  oxicle.  ^^xhhroinide. 


rihydrio  Alcohols. 


These  are  the  lij^drates  of  the  trivalent  hydro- 
carbon radicles,  and  therefore  contain  in  the  molecule 
three  hydroxyl  groups.  Only  one  of  them  is  em- 
ployed in  medicine,  vizh  ylyceyin. 

Glycerin  or  glyceryl  hydr  ate  (C3H5(H0)3).l 
— Most  fats  and  oils  are  compounds  oi 
radicle  glyceryl  (C3H5)  with  the  higher  fatty  acids. 
When  these  fats  and  oils  are  saponified  by  boiling 
with  caustic  soda,  the  radicle  glyceryl,  displaced  by 
the  sodium,  combines  with  three  hydroxyl  groups  to 
form  glycerin  (C3H5(HO)3),  whilst  the  sodium  com- 
bines with  the  radicle  of  the  fatty  acid  to  form  a soap, 
thus  : 


^S®b(^18-®83^2)s 

Glyceryl 

oleate. 


+ 3NaHO  = 

Sodium 

hydrate. 

C3H5(HO)3 

Glycerin. 


3NaC]3H3300 

Sodium 

oleate. 


-+■ 
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Glycerin  is  more  conveniently  prepared  by  decom- 
posing melted  suet  (glyceryl  stearate)  by  means  of 
superheated  steam,  when  the  glycerin  and  stearic 
acid  are  carried  over  in  the  current  of  steam,  the 
stearic  acid  setting  to  a solid,  and  the  glyceiin, 
diluted  with  the  condensed  steam,  being  obtained  as 
a liquid. 


-f  3H20  — 3HC18H3502  + 

Water.  Stearic 

acid. 

c3h6(H0)3 

Glycerin. 

Properties  of  glycerin.  — Glycerin  is  a 
colourless  and  very  viscid  liquid  of  sp.  gr.  1 *27.  It 
has  a very  sweet  taste  and  mixes  with  water  in  all 
proportions.  When  heated  by  itself  or  with  bisulphate 
of  potash  (HKS04)  it  decomposes,  losing  the  elements 
of  water  and  yielding  a substance  acrolein  (C3H40), 
which  has  an  intensely  pungent  odour. 

Glycerin  treated  with  a mixture  of  strong  nitric 

and  sn'tnhuric 

& heavy  oily  liquid,  which  procluc  s’  by  percussion  a 
terrible  explosion  ; in  its  liquid  form  it  is  very  dangerous 
to  handle,  and  is.  therefore,  for  blas_tiirg,^rnj  aflici: 
nurposes,  made  into  dynamite , which  consists,  of 
porous  silica,  m the"  farm  of  iiifliyUllciI^h, 'saturated 
with  nitro-glycerin.  Ordinary  dynamite  usually  con- 
sists of  75  parts  of  nitro-glycerin  and  25  parts  of 
silica.  Tablets  of  chocolate  containing  Tiuth  of  a 
grain  of  rntixTglycerin  are  used  in  medicine  {Tab dice 

Trinitrvniy.  m 

When  oxidised  with  ordinary  nitric  acid  glycerin 

yields  glyceric  acid,  a non-explosive  substanco 


C3H6(C]8H3502)3 

Glyceryl 

stearate. 


( ch2ho 

l CHHO. 
(COOH 
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POLYHYDRIC  ALCOHOLS CARBOHYDRATES. 

Mannite — Starch — Glycogen — Dextrin — Cellulose — Cane  Sugar — 
Milk  Sugar — Maltose — Glucose — Lsevulose — Galactose. 


The  polyhydric  alcohols  have  become,  of  late  years, 
of  great  theoretical  importance,  in  consequence  of 
their  close  connection  with  glucose,  lsevulose,  and  other 
sugars.  The  most  interesting  in  this  connection  is 


Mannite  or 
Mannitol 


ch2ho 

(CHHO)4  or  C6H8(H0)6, 
CH0HO 


a hexhydric  alcohol  found  in  manna,  the  dried  sap  of 
a species  of  ash  ; it  is  colourless,  crystalline  and  very 
sweet ; it  can  be  formed  artificially  by  reducing  grape 
sugar  with  sodium  amalgam. 


The  Carbohydrates. 

These  substances  owe  their  name  to  the  old  idea 
that  they  were  hydrates  of  carbon  • they  are  really 
various  compounds  of  carbon,  hydrogen,  and  oxygen, 
in  which  the  atoms  of  hydrogen  are  twice  as  numerous 
as  the  atoms  of  oxygen.  They  can  be  conveniently 
divided  into  three  chief  groups — 


I.-VJdie  amvloses  or  poly  saccharoses — 

(Starch);  Dextrin ; Cellulose ; having  the 
formula  (C6H10O5)n. 

The  disaccharoses — 

Cane  sugar  ; Milk  sugar ; Maltose ; having  the 
formula  C12H22On. 


n ii 
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. III.-J-The  glucoses  or  monoses — 
v -Glucose,  dextrose  or  grape  sugar ; Lsevulose  or 
fruit-sugar ; Galactose ; paving  the  formula 

rlY\ 


il  f)  2°] 
ft  1 1? u r ■ 


H1206. 


Starch  {(AH-ioOk). — Starch  is  contained  in  certain 
roots, "seeds,  soft  stems,  potatoes,  and  various  grains, 
such  as  wheat,  maize,  etc.  Arrowroot  and  rice 
contain  considerable  quantities  of  starch.  Starch  is 
prepared  from  roots  or  seeds  by  crushing  them  and 
placing  them  upon  a sieve  or  strainer,  through  which 
water  is  flowing.  The  water  mechanically  carries  the 
starch  through  the  sieve,  leaving  fibrous  and  cellular 
substances  behind.  The  water  is  then  allowed  to 
stand,  and  the  starch  deposits  as  a white  sediment, 
from  which  the  water  is  poured  off,  and  which  is 
finally  dried.  Starch  may  be  prepared  from  wheat 
and  other  flours  by  placing  the  flour  in  a muslin 
or  calico  bag  and  wringing  it  out  several  times  with 
water,  when  the  starch  is  mechanically  carried  away 
by  the  water,  a sticky  substance,  gluten,  being  left  in 


the  bag. 

Properties  of  starch The  different  starches 

are  white  powders,  which,  when  examined  under  the 
microscope,  are  seen  to  consist  of  granules,  the 
granules  of  the  various  starches  differing  in  size  and 
shape.  Starch  is  insoluble  in  cold  water,  the  granules 
being  unaffected  by  it,  but  in  hot  water  the  granules 
break  up,  being  in  part  dissolved  and  in  part  remain- 
ing in  suspension,  forming  what  is  called  “ decoction 
or  mucilage  of  starch.”  Starch,  as  employed  for 
laundry  purposes,  is  coloured  a light-blue  with  indigo, 
which  is  introduced  in  order  to  neutralise  the  faint 


yellow  colour  of  recently-washed  linen.  If  a solution 
of  free  iodine  is  added  to  a cold  decoction  of  starch,  a 
dark-blue  colour,  due  to  a molecular  compound  of 
iodine  and  starch,  is  developed.  If  heat  be  applied 
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to  the  blue  liquid,  the  blue  colour  disappears,  owing 
to  the  dissociation  of  the  starch  and  iodine  by  the 
heat.  If  the  heat  be  quickly  withdrawn,  the  blue 
colour  reappears  on  cooling.  A solution  of  starch 
does  not  reduce  an  alkaline  copper  solution  when 
boiled  with  it.  If  starch  is  boiled  with  dilute  sul- 
phuric acid,  it  is  first  converted  into  dextrin  and 
then,  by  assimilation  of  water,  into  grape  sugar. 
^ Starch  is  also  converted  into  grape  sugar  under  the 
influence  of  certain  ferments,  such  as  ptyalin  in 
saliva,  the  pancreatic  ferments  in  pancreatic  juice,  etc; 
Diastase,  the  ferment  in  barley,  converts  starch  into 
a mixture  of  dextrin  and  maltose. 


3C6H10O5  + H20 

Starch.  Water. 


c6h10o5 

Dextrin. 


+ 


^12^220 

Maltose. 


11 


This  is  the  first  step  in  brewing. 

Test  for  starch. — The  blue  colour  produced  by 
a solution  of  free  iodine  constitutes  an  extremely 
delicate  test  for  starch. 

Glycogen  (C6H10O5). — This  substance,  which  is 
an  isomer 'of  starch,  is  found  in  the  livers  of  man  and 
"animals.  It  is  prepared  by  finely  chopping  up  fresh 
liver  and  boiling  it  with  water,  which  dissolves  out 
the  glycogen  ; from  this  solution  it  is  precipitated  by 
the  addition  of  alcohol. 

Properties  of  glycogen — Glycogen  is  a white 
powder,  soluble  in  water,  in  which  it  forms  an  opal- 
escent solution.  A solution  of  free  iodine  gives  a 
mahogany-brown  colour  to  a solution  oT  glycogen  ; it 
is-  readily  converted  into  grape  sugar  by  contact  with 
certain  ferments. 


Dextrin  (C6H10O5).— This  substance  is  prepared 
from  staj-ch  either  by  baluhg  it  in  an  oven,  or  by 
boiling  it  with  dilute  sulphuric  acid,  or  by  the  action 
of  ferments  such  as  yeast  and  diastase  upon  it.  The 
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first-mentioned  method  is  the  best,  as  by  the  other 
methods  the  dextrin  is  quickly  converted  into  grape 


sugar. 


Properties  of  dextrin, — Dextrin  is  a whitish 
powder,  readily  soluble  in  cold  water,  in  which  it 
forms  a sticky  or  mucilaginous  solution.  It  is  com- 
monly employed  under  the  name  of  hvitish  gum. 
Commercial  dextrin  gives  with  a solution  of  free 
iodine  a mahogany-brown  colour,  which  disappears  on 
the  application  of  heat,  and  does  not  reappear  on 
cooling,  thus  distinguishing  it  from  glycogen. 

Cellulose  (C6H10O5)n.— - This  substance  is  also 
called is  obtained  in  its  purest  form  as 
linen,  cotton,  cotton- wool,  Swedish  filter-paper,  etc. 
Cellulose  is  insoluble  in  both  cold  and  boiling  water. 

When  treated  with  solution  of  caustic  soda  cellu- 
lose undergoes  a marked  change,  shrinking,  etc.  \ this 
treatment  is  known  as  merceriscition.  Mercerised 
cotton  is  largely  used  at  the  present  day  as  a substi- 
tute for  silk.  When  treated  with  nitric  acid  cellulose 
forms  nitrates ; the  two  which  are  most  important 
are — 

Pyroxylin  or  di-nitrocellulose  (C^H^NO^Og). 
This  is  prepared  by  steeping  cellulose  in  a mixture  of 
sulphuric  and  nitric  acids,  the  strong  sulphuric  acid 
being  employed  to  absorb  the  water  produced  by  the 
action  of  the  nitric  acid  on  the  cellulose. 

C0H10O5  + 2HNO,  = C6H8(N03)A  + 2HsO 

Cellulose.  Nitric  acid.  Pyroxylin.  Water. 

This  substance,  dissolved  in  a mixture  of  alcohol  and 
ether,  constitutes  collodion , which  is  employed  for 
producing  a covering  or  artificial  skin  to  abrasions, 
etc.,  of  the  skin. 

Gun  cotton,  or  tri-nitrocellulose  (CfiH^(N O^Oo)-— 
This  substance  is  prepared  by  steeping  cellulose  in 


hTsfvongest  sulphuric  and  nitric  acids. 


I 
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C6H,„05  + 3HNOs  = C6H7(N03)302  + 3H<jO 

Cellulose.  Nitric  acid.  Gun-cotton.  Water. 

This  is  the  ordinary  gun-cotton  employed  for  blasting 
purposes  and  in  gun-cotton  cartridges.  It  is  an  ex- 
plosive, in  that  it  contains  sufficient  oxygen  for  the 
combustion  of  the  carbon  and  hydrogen  contained  in 
ic.  It  produces,  when  exploded,  large  volumes  of  the 
two  oxides  of  carbon,  steam,  and  nitrogen  which  are, 
in  addition,  greatly  expanded  by  the  heat  produced 
by  the  chemical  decomposition.  It  is  the  sudden 
production  and  violent  expansion  of  these  gases  that 
cause  the  destruction  produced  by  gun-cotton  when 
exploded  with  a detonator ; it  is  a curious  fact  that 
if  gun-cotton  be  lighted  with  a match  it  burns  away 
rapidly  without  exploding.  It  requires  a detonation 
to  develop  its  destructive  force. 

If  a piece  of  white  filter  paper  be  dipped  in  a cold 
mixture  of  2 volumes  of  strong  sulphuric  acid  with 
1 volume  of  water  for  a few  minutes,  and  then 
thoroughly  washed,  it  is  converted  into  a substance 
like  parchment,  and  is  known  as parchmentpaper,  largely 
used  for  wrapping  and  for  diffusion  experiments. 

Cellulose  gradually  dissolves  in  strong  sulphuric 
acid,  and  the  solution,  when  diluted  and  boiled,  is 
found  to  contain  dextrin  and  grape  sugar. 

Cane  sugar,  sucrose^  or  saccharose 
(C12H22011). — This  sugar  exists  in  the  sugar  cane, 
date,  oeetroot,  and  in  the  sap  of  the  sugar  maple. 
It  is  extracted  from  the  sugar  cane  by  crushing  the 
canes  in  order  to  squeeze  out  the  juice,  to  which  is 
then  added  some  slaked  lime  ; the  mixture  is  boiled, 
and  the  mechanical  impurities  are  allowed  to  settle  ; 
the  liquor,  poured  off  from  these  impurities,  is  con- 
centrated by  evaporation  and  set  aside  to  cool,  when 
crystals  of  raw  or  brown  sugar  settle  out,  the  viscid 
mother  liquid  constituting  molasses.  To  obtain  the 
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white  or  loaf  sugar , the  brown  sugar  is  dissolved  in 
water,  and  some  serum  of  blood  and  a little  slaked 
lime  are  added  ; the  liquid  is  heated,  and  allowed  to 
statid,  when  the  coagulum  produced  from  the  serum 
of  blood  settles  down,  carrying  with  it  impurities. 
The  solution  is  filtered  through  animal  charcoal  to 
decolorise  it,  and  is  evaporated  to  a syrup,  which  is 
poured  into  conical  moulds,  within  which,  on  cooling, 
the  white  or  loaf  sugar  crystallises.  In  all  modern 
works  the  sugar  syrup  is  evaporated  in  large  copper 
boilers,  from  which  the  air  has  been  partially  removed, 
known  as  vacuum  pans.  In  these  pans  the  syrup 
boils  at  65 ‘5°,  its  boiling  point  being  lowered  by  the 
vacuum  about  45°. 

Properties  of  cane  sugar. — Cane  sugar  is 
readily  soluble  in  both  cold  and  hot  water  ;_its  solution 
does  not  reduce  an  alkaline  copper  solution!  JSlitrlc 
£cid  first  converts  it  into  saccharic  acid  (C6H10O8), 
and  then  into  oxalic  acid.  It  combines  with  alkalies 
and  with  lime  to  form  soluble  saccharat-es.  If  boiled 
with  dilute  sulphuric  acid,  water  is  assimilated,  and 
grape  sugar  is  formed,  or  rather  invert  sugar,  which 
is  a mixture  of  dextrose  and  lcevulose. 


^12^22^11  + H00 

Cane  sugar.  Water. 


^6-^-12^6  + ^6^-12^G 

Dextrose.  Lsevnlose. 


Cane  sugar  does  not  ferment  directly,  but  there  is 
a ferment  present  in  ordinary  yeast,  which  converts 
it  into  invert  sugar,  and  then  the  yeast  decomposes 
the  latter  into  alcohol  and  carbon  dioxide.  If  solid 
cane  sugar  is  carefully  heated,  a reddish-brown  liquid 
is  obtained,  which  is  burnt  sugar  or  caramel. 

Tests  for  cane  sugar. — Cane  sugar  is  easily 
charred  by  strong  sulphuric  acid  ; it  gives  a red  colour 
and  then  a brown  precipitate  when  boiled  with  strong 
hydrochloric  acid ; it  does  not  reduce  an  alkaline 
copper  solution. 
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Milk  sugar  or  lactose  (C12H2201PH20). — 
This  sugar  is  contained  in  milk,  from  which  it  may  be 
prepared  by  precipitating  the  curds  by  the  addition 
of  rennet  or  some  acid,  filtering,  and  evaporating  the 
clear  whey  to  a low  bulk,  when  the  milk  sugar 

crystallises  out  on  cooling. 

Properties  of  milk  sugar. — It  is  less  soluble 
in  water  than  any  of  the  other  sugars,  and  also  less 
sweet.  It  does  not  undergo  fermentation  in  contact 
with  yeast,  or  only  after  a very  long  time ; in  con- 
tact with  the  ferment  penicillium  glaucum  it  under- 
goes lactic  acid  fermentation  ; it  is  this  conversion  of 
milk  sugar  into  lactic  acid  which  is  the  cause  of  the 
souring  of  milk  when  exposed  to  the  air,  the  spores  of 
penicillium  glaucum  being  always  present  in  the  air, 
and  settling  on  the  exposed  surface  of  the  milk. 
When  boiled  with  dilute  acids,  lactose  is  converted 
into  a mixture  of  galactose  and  dextrose.  Strong- 
nitric  acid  oxidises  lactose  into  mucic  and  saccharic 
acids. 

TesJs  for  milk  sugar. — A solution  of  milk 
sugar  reduces  Fehling’s  solution  when  boiled  with  it, 
and  in  this  respect  it  resembles  glucose.  It  can  be 
distinguished  from  glucose,  in  the  solid  state,  by  its 
being  so  much  less  soluble  in  water,  and  in  solution 
by  not  undergoing  fermentation  in  contact  with  yeast ; 
whereas  a solution  of  glucose  readily  ferments  in 
contact  with  yeast  when  the  mixture  is  left  in  a warm 
place. 

Maltose  (C12H220n,H20). — This  sugar  isobtained 
by  the  action  of  diastase  on  starch,  and  gives  to  malt 
its  sweet  taste ; it  crystallises  in  needles  which  are 
readily  soluble  in  water.  It  ferments  readily  with 
yeast.  Boiled  with  dilute  sulphuric  acid  it  is  com- 
pletely converted  into  glucose.  It  reduces  an  alkaline 
solution  of  copper,  but  only  to  two-thirds  the  extent 
of  an  equal  weight  of  glucose. 
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glucose.  dextrose,  grape  sugar  (CGH1206,  or 
( CH2OH  \ 

J (CHOH)d  ). — This  sugar  occurs  in  grapes,  honey, 

I con  / 

and  diabetic  urine ; it  can  be  extracted  from  any  of 
these  sources,  and  it  can  be  prepared  by  heating  cane 
sugar  with  dilute  sulphuric  acid,  when  it  is  obtained 
mixed  with  lsevulose,  or  by  boiling  maltose  or  starch 
with  dilute  acid.  It  is  less  sweet,  less  soluble  in 
water  and  more  difficult  to  crystallise  than  cane 
“sugar,  it  ferments  readily  with  yeast,  forming  alcohol, 
"carbon  dioxide,  and  traces  of  other  substances.  Its 
constitutional  formula  is  known,  and  it  has  been 
prepared  artificially  from  formaldehyde  and  from 
glycerin.  It  is  obvious  from  its  formula  that  it  is 
an  aldehyde,  as  it  contains  the  characteristic  group 
COH  ; it  is  therefore  a reducing  substance  and  when 
reduced  by  sodium  amalgam,  it  yields  the  corre- 

/ ( CH2HO  \ 

sponding  alcohol  ( < (CHHO)4  ] mannite ; just  as 

\ ( ch2ho  J 

acetic  aldehyde  yields  on  reduction  ethyl  alcohol. 
Nitric  acid  converts  it  first  into  saccharic  acid 
/ ( COOH  \ 

[ j (CHHQ)4  ),  and  ultimately  into  oxalic  acid 
\ ( COOH  7 
/ j COOH\ 

V j cooh;- 

Tests  for  glucose. — Glucose  does  not  blacken 
when  mixed  in  the  cold  with  strong  sulphuric  acid. 
It  reduces  an  alkaline  solution  of  copper.  This  re- 
duction test  can  be  applied  in  two  forms  : (1)  Trommer’s 
test;  to  a small  quantity  of  5 per  cent,  solution  of 
copper  sulphate  add  grape  sugar  and  then  caustic 
potash  drop  by  drop  until  a clear  dark  blue  solution 
is  obtained  ; on  heating  this  solution  the  blue  colour 
disappears  and  a precipitate,  first  yellow  and  then 
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reel,  is  obtained.  The  cupric  salt  is  reduced  by  the 
glucose  to  yellow  cuprous  hydrate,  which  is  ultimately 
converted  into  red  cuprous  oxide.  (2)  Fehling's  test. 
This  consists  of  two  solutions,  one  containing  34 '6 
grammes  of  crystallised  copper  sulphate  in  500  c.c.  of 
water  ; the  other,  173  grammes  of  Rochelle  salt  and  60 
grammes  of  caustic  soda  in  500  c.c.  These  solutions 
are  mixed  in  equal  volumes  and  the  grape  sugar 
added,  when,  on  heating,  a decomposition  similar  to 
that  described  in  the  Trommer’s  test  takes  place. 
Ten  cubic  centimetres  of  the  mixed  solutions  are 
reduced  by  ’05  gramme  of  glucose. 


Laevulose  or  fruit 
sugar 


( CH0OH 

CgHpOg  or  <|  (CHOH)3 

( CO(CHoOH) 


> 


— This  is  an  isomer  of  ordinary  grape  sugar  or  dex- 
trose, it  is  a ketone.  It  occurs  in  small  quantities  in 
honey,  and  in  many  fruits  mixed  with  dextrose.  It 
is  distinguished  from  dextrose  by  its  solution  turning 
a ray  of  polarised  light  to  the  left,  whereas  a solution 
of  dextrose  turns  it  always  to  the  right.  It  is  best 
prepared  by  the  inversion  of  cane  sugar,  which  con- 
sists in  boiling  the  cane  sugar  with  dilute  sulphuric 
acid,  when  a mixture  of  dextrose  and  lsevulose  is 
obtained. 


^12^22^11  + HoO 

Cane  sugar.  Water. 


c6h12o6  + c0h,2o6 

Dextrose.  Leevulose. 


To  separate  the  two  sugars  advantage  is  taken  of 
the  fact  that  they  both  form  compounds  with  lime, 
the  dextrose-lime  compound  being  soluble,  while  the 
lsevu lose- lime  compound  is  insoluble.  To  the  solution 
of  the  two  sugars  slaked  lime  is  therefore  added,  and 
the  mixture  filtered  ; on  passing  carbon  dioxide 
through  the  filtrate,  the  lime  is  precipitated  as  calcium 
carbonate,  and  the  glucose  is  left  in  solution.  If 
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the  insoluble  loevulose-lime  compound  is  suspended 
in  water  and  carbon  dioxide  passed  through,  calcium 
carbonate  is  precipitated,  and  the  lsevulose,  in  a pure 
state,  is  left  in  solution. 

Tests  for  ltevulose.  — Lsevulose  reduces 
Fehling’s  solution  in  a similar  manner  to  dextrose, 
but  is  distinguished  from  dextrose,  as  previously  men- 
tioned, by  its  action  on  polarised  light. 

Action  of  solutions  of  sugar  011  polarised 

light. — When  a ray  of  polarised  light  passes  through 

a solution  of  a sugar,  it  is  twisted  to  the  right  or  the 

left  according  to  the  nature  of  the  sugar,  and  to  a 

greater  or  less  extent  according  to  the  strength  and 

depth  of  the  solution  through  which  the  ray  passes. 

Thus,  solutions  of  cane  sugar,  milk  sugar,  maltose, 

and  dextrose  or  glucose  twist  the  ray  of  polarised 

light  in  the  direction  in  which  the  hands  of  a watch 
© 


rotate — i.e.  to  the  right,  and  are  called  dextrorotatory 
substances.  Lsevulose  or  fruit  sugar  twists  the  ray  to 
the  left,  and  is  called  a Icevorotatnry  substance. 

Constitution  ot  the  sugars. — Much  light  has 
been  thrown  on  the  constitution  of  the  sugars  during 
the  last  few  years  by  the  researches  of  Emil  Fischer. 
Thus,  we  now  know  that  grape  sugar  is  an  aldehyde 
containing  the  group  COH,  whilst  lsevulose  is  a ketone 
having  the  group  CO(CH2OH).  Fischer  has  also  pre- 
pared some  twenty  new  sugars.  Much  of  this  advance 
is  due  to  the  discovery  that  the  various  sugars  form 
characteristic  crystalline  products  with  phenvlhydra- 
/UNH3 


zine 


Unho#h, 


) (a  body  prepared  from  anilin  by  the 

_ 5/ 

action  of  sodium  nitrite,  and  subsequent  reduction  by 
stannous  chloride),  which  are  more  or  less  insoluble, 
and  can  be  identified  by  their  crystalline  form  and 
melting-point,  so  that  the  various  sugars  can  be 
thus  isolated  and  purified.  For  instance,  glucose  can 
be  separated  from  urine  by  warming  50  c.c.  with 
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1 gramme  of  phenylhydrazine  hydrochloride  and 

2 grammes  of  sodium  acetate.  On  allowing  the  mix- 
ture to  cool,  characteristic  yellow  needles  will  separate. 
These  crystals  consist  of  a complicated  compound 
called  an  osazone — in  this  case  glucosazone  (C6H10O4 
(N.NHC6H5)2).  Similarly,  maltose  forms  maltosa- 
zone,  etc. 


c:  ^ 


CHAPTER  YIH. 


ORGANIC  ACIDS. 

1.  Monobasic  Organic  Acids — The  Fatty  Acids — Formic  Acid — 
Acetic  Acid— Butyric  Acid — Palmitic  and  Stearic  Acids— Fats 
and  Soaps^— Lactic  Acid— 2.  Dibasic  Organic  Acids— Oxalic 
Acid — Succinic  Acid — Malic  Acid — Tartaric  Acid — 3.  Tri- 
basic  Organic  Acids — Citric  Acid. 
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acid  |qqqj4  and  higher  members  are  solids 


These 


acids  can  be  obtained  (1)  by  oxidation  of  the  corre- 
sponding alcohols  or  aldehydes  with  sulphuric  acid 
and  potassium  bichromate — 


|CH3 

Ich2ho 

Ethyl  alcohol. 


+ 


(2)  by  the  action  of  bases  or  act 
of  the  alcohol  radicles — 


/ \,  jj  o 

vCOOH  + 2 

Acetic  acid.  Water ; 

on  the  cyanides 


90  - I |CH« 

10  - ( 1CU0H 

Oxygen. 


+ HC1  + 2H20  — { CO  OH  + NH4C1 

Ethyl  Hydrochloric  Water.  Propionic  Ammonium 

cyanide.  acid.  acid.  chloude  , 

(3),  by  fermentation  and  destructive  distillation  of 
wood,  etc. 

General  reactions.— (1)  When  heated  for  some 
time  with  the  alcohols,  the  acid  combines  with  the 
alcohol  to  form  an  ester. 


CoH-HO  + HC2H302  = C,H-02H.02  + ICO 

LEtliyl  alcohol.  Acetic  acid.  Ethyl  acetate.  Water. 


The  bouquet  in  old  wine  is  believed  to  be  developed 
in  this  way  owing  to  the  slow  formation  of  the 
fragrant  esters. 

(2)  When  heated  with  chlorine  (or  bromine)  a 
chloracid  is  formed. 


{cOOH  + 012 

Acetic  Chlorine, 

acid. 


|CH2C1 
(COOH  + 

Chloracetic  Hydrochloric 

acid.  acid. 


These  chloracids  undergo  two  very  important  decom- 
positions : — 
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(a)  Heated  with  a solution  of  ammonia  in 
alcohol,  the  chlorine  is  replaced  by  the  amido  group, 
NH2,  and  an  amido  acid  formed. 


( CH0C1 
1C00H 

Chloracetic 

acid. 


+ 2NHS 

Ammonia. 


ICOOH  2 

Amidoacetic 
acid  or  glycocoL 


+ nh4ci 

Ammonium 

chloride. 


(b)  When  treated  with  silver  hydrate,  the  chlorine 
is  replaced  by  hydroxyl,  and  a hydroxyacid  is  formed. 

2{cOOH  + Ag2°  + H2°  = 2{cOCbE°  + 2AgC1 

Chloracetic  Silver  Water.  Hydroxyaeetic  or  Silver 

acid.  oxide.  glycollic  acid.  chloride. 


(3)  If,  instead  of  chlor  •ine,  we  use  phosphorus 
trichloride,  the  chlorine  replaces  the  HO  in  the  oxatyl 
group,  the  acid  character  of  the  body  is  lost,  and  we 
have  the  chloride  of  the  acid  radicle  acetyl  formed. 


3{cooh  + PC1s 

Acetic  acid.  Phosphorous 

chloride. 


3 {coci  + H3p°» 

Acetyl  Phosphorus 

chloride.  acid. 


Acetic  acid  may  be  regarded  as  the  hydrate  or 
hydroxide  of  acetyl  (C2H30)H0. 


1.  Mon<  basic  Organic  Acids. 

Formic  acid  ( HCH09,  or  ] ^Qn)'~This 

acid  occurs  in  nature  in  red  ants  and  in  stinging 
nettlesT  It  can  be  prepared  by  the  oxidation  of 
methyT  alcohol,  either  by  dropping  it  on  to  spongy 
platinum,  the  occluded  oxygen  of  which  oxidises  it 
to  formic  acid;  or  by  distilling  methyl  alcohol  with 
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potassium  bichromate  and  sulphuric  acid,  which  in 
presence  of  the  alcohol  evolve  oxygen,  with  formation 
of  potassium  and  chromium  sulphates. 


fH 

[CH0HO 

Methyl 

alcohol. 


+ ^2 

Oxygen. 


|H 

ICOOH 

Formic 

acid. 


+ h2o 

Water. 


Formic  acid  can  also  be  prepared  from  sugar  by 
oxidation  with  sulphuric  acid  and  black  oxide  of 
manganese  ; but  JdieJiest  method  is  to  heaiiajmixture 
of  oxalic  acid  and  glycerin  in  a flask  to  105! ; a con- 
denser is  attached,  and  a liquid  "containing  about  50 
per  cent,  of  formic  acid  distils  over.  The  glycerin  re- 
mains unaltered. 


Oxalic 

acid. 


Properties  of  formic  acid, — A clear,  colour- 
less liquid,  with  a very  penetrating  odour,  boils  at 
101° ; in  its  concentrated  state  it  produces  a blister 
when  painted  or  rubbed  on  the  skin.  The  wheals  u 
produced  on  the  skin  by  the  sting  of  the  stinging 
nettle  are  due  to  the  injection  beneath  the  skin  of 
small  quantities  of  formic  acid,  from  the  hair  of  the 

stinging  glands  penetrating  the  skim 

Test  lor  iorinic  aci<i.  A11  ammoniacal  solution 
of  silver  nitrate  is  reduced  to  bhe  metallic  state  on 
warming  with  formic  acid,  the  silver  forming  a 
mirror-like  deposit  on  the  sides  of  the  test-tube. 

icetie^acid(HC2H302,  or  {qq^pj)- — There 

are  twoiorincipai  methods  by  which  acetic  acid  is 
made  : (JipThe  oxidation  of  alcohol;  (iij'j  the  dry  or 
destructive  dlstillatTorr^  woodr  — Vinegar  is”" obtained 
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by  the  former  process ; ‘pyroligneous  acid,  or  crude 
ICC'eti-e-ttetd,  by  the  latter. 

Brown  or  malt  vinegar  is  prepared  by  exposing 
beer,  mixed  with  a little  yeast,  to  the  air ; under  the 
influence  of  a ferment,  mycoderma  aceti , the  alcohol 
of  the  beer  becomes  oxidised  to  acetic  acid. 


(°H3  . 0 

Ich2ho  + 

Alcohol.  Oxygen 

The  vinegar  so  prepared  contains  about  per  cent 
of  acetic  acid  ; a small  quantity  of  sulphuric  acid  is 
added  at  the  last  to  destroy  the  ferment,  and  so 
prevent  any  further  changes  from  taking  place  in  the 
vinegar.  It  is  to  this  development  of  acetic  acid  that 
the  souring  of  beer  is  due  when  exposed  to  the  air. 

White-wine  vinegar  is  prepared  by  the  oxidation 
of  the  alcohol  contained  in  the  light  white  wines ; 
the  oxidation  is  facilitated  by  allowing  the  wine  to 
trickle  over  the  surface  of  wood-shavings  contained 
in  towers  ; in  this  way  the  alcohol  of  the  wine  becomes 
freely  exposed  to  the  action  of  the  oxygen  of  the  air, 
and  so  is  rapidly  converted  into  acetic  acid. 

S'  Acetic  acid  may  be  prepared  from  ordinary  alcohol 
/ by  distilling  it  with  potassium  bichromate  and  sul- 
phuric acid ; the  two  last-mentioned  bodies  liberate 
; oxygen,  which  in  the  nascent  state  immediately 
\ oxidises  the  alcohol  to  acetic  acid,  which  then  distils 
\jyer. 

Dry  or  destructive  distillation  of  wood. — Although 
wood  contains  no  acetic  acid,  yet  it  contains  the 
elements  necessary  for  the  formation  of  that  body, 
and  under  the  influence  of  dry  heat,  without  exposure 
to  air,  a re-arrangement  of  the  elements  of  the  wood 
takes  place,  with  the  formation  of  several  fresh  bodies, 
amongst  which  is  acetic  acid.  This  process  is  the  dry 


CCH, 

~ ICOOH 

Acetic  acid. 


+ h20 

Water. 
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or  destructive  distillation  of  wood,  and  if  the  products 
are  collected  in  different  portions,  as  they  distil  over, 
a rough  separation  of  them  is  effected,  since  the  bodies 
with  low  boiling-points  will  distil  before  those  with 
higher  boiling-points.  Thus  the  first  portion  of  the 
distillate  from  the  destructive  distillation  of  wood 
consists  of  impure  methyl  alcohol,  or  wood  spirit ; 
next  comes  over  impure  acetic  acid,  or  pyroligneous 
acid ; creasote  and  other  bodies  distil  over  afterwards; 
nd  lastly  wood  tar. 

To  obtain  pure  acetic  acid  from  the  pyroligneous 
acid,  the  latter  is  neutralised  with  sodium  carbonate 
to  form  sodium  acetate  ; the  solution  is  then  concen- 
trated by  evaporation,  and,  on  cooling,  crystals  of 
sodium  acetate  separate  out,  leaving  tarry  and  other 
impurities  in  the  mother  liquor.  The  crystals  of 
sodium  acetate  are  carefully  heated,  so  as  to  expel 
any  tar  carried  down  with  them,  and  the  sodium  ace- 
tate distilled  with  sulphuric  acid,  when  pure  acetic 
acid  will  be  obtained  as  a distillate. 


2NaC2H302 

Sodium 
acetate. 


+ 


h2so. 

Sulphuric 

acid. 


= 2HaH,0„  + Na„SO 


'2  “3 
Acetic 
acid. 


'2uv/4 
Sodium 
sulphate. 


erties  of  acetic  acid. — Acetic  acid  is  a 
cl&lr,  colourless  liquid,  with  a penetrating,  pleasant 
acid  odour,  and  an  acid  taste.  The  pure  acid  applied 
to  the  skin  produces  a blister.  Ordinary  acetic  acid 
(Acidum  aceticum)  is  a mixture  of  acetic  acid  and 
water,  containing  about  33  per  cent,  of  real  acid. 
Glacial  acetic  acid  ^A'ciddtm* aceticum  glaciaTeJ  is 
“pure  acetic  acid;  and  solidifies  to  a crystalline  mass 
at  temperatures  below  15 ‘5° ; boils  at  118°. 

Three  derivatives  of  acetic  acid  (cliloracetic  acids) 
are  obtained  by  the  action  of  chlorine  on  acetic  acid, 
1,  2,  or  3 atoms  of  hydrogen  being  displaced  from 
the  acetic  acid  molecule,  according  to  the  amount  of 


434 


Chemistry. 


[Part  IV 


chlorine  used.  The  acids  are  respectively  called 
monochloracetic  acid,  dichloracetic  acid,  and  trichlor- 
acetic acid. 


CH3 

COOH 

cetic  acid. 


/ CH2C1 
\ COOH 

Monochloracetic 

acid. 


CHCL 
J0OH 

Dichloracetic 

acid 


/ CC13 
\ COOH 

Trichloracetic 

acid. 


Tests  for  acetic  acid  and  acetates. — If 

an  acetate  is  boiled  wlih  sulphuric  "acid,  the  odour  ol 
*aciaisevoivect.  "** 

11  sHT an  a'C'etaT" is  boiled  with  sulphuric  acid  and 
ilcohol,  tlie  sweet  smell  of  ethyl  acetate 


is 


iinec 


u I _ iii  m](]pA  tn 

neutral  acetate,  a blood-red  colour  is  produced,  due  to 

the  formation  of  ferric  acetate ; the  colour  is  discharged’" 
v ‘ > addition  of  strong  hydrochloric  acid. 

j^-1  'ff'TTlIY^acelaie  be  heated  in  a test-tube, 
the  characteristic  odou^  ^^uceTone'  is  evolved  (see^ 




i ayy). 

Butyric  acid  ^HC4H702,  or  | qqqjj)- 


-This 


acid  is  contained  in  human  perspiration,  and  in 
rancid  butter.  It  is  prepared,  as  a rancid-smelling 
oily  fluid,  by  the  oxidation  of  butyl  alcohol  with 
potassium  bichromate  and  sulphuric  acid. 


C4H9HO  + 03  = HC4H703  + HoO 

Butyl  alcohol.  Oxygen.  Butyric  acid.  Water. 


-Butyric  acid  can  also  be  obtained  from  lactic  acid 
by  a fermentation  process  (see  page  440). 

Two  varieties  of  butyric  acid  exist,  normal  or 


fermentation  butyric  acid 


and  isobutyric 
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acid  ({cOOlf^V  sometimes  called  dimethylacetic 


acid. 


Palmitic  acid 


This  acid  is  found 
It  is  prepared 


etc. 

y boiling  with  caustic 


, COOH 

in  spermaceti,  beeswa' 
by  saponifying  palm 
soda,  when  a soap,  sodium  palmitate,  is  formed, 
together  with  glycerin ; the  soap  is  separated  by 
throwing  in  salt,  and  finally,  on  decomposing  the  soap 
by  boiling  with  dilute  sulphuric  acid,  sodium  sulphate 
and  palmitic  acid  are  formed. 

Palmitic  acid  may  be  written  H(C16H3102).  The 
equations  of  the  above  reactions  are  as  follows  : — 


C3H5(C16H3102)3  + 3STaHO  = 

Glyceryl  palmitate,  Sodium 

palmitin,  hydrate, 

or  palm  oil. 

C3H5(HO)3 

Glycerin. 


3Na(ClfHsl02)  + 

Sodium  palmitate 
or  soap. 


2NaC16H3102 

Soap. 


+ H3so4 

Sulphuric 

acid. 


2HC1GH31Os 

Palmitic  acid. 


= Na2S04  + 

Sodium 

sulphate. 


A second  plan  is  to  decompose  a natural  fat  con- 
taining the  acid  with  superheated  steam,  when  the 
free  fatty  acid  and  glycerin  are  formed. 


C3H5(C16H8102)3  + 

Palm  oil. 


3H20 

Steam. 


3HClf)H3I02  + 

Palmitic  acid. 


C3H5(HO)3 

Glycerin. 


Palmitic  acid  is  a white  crystalline  solid,  insoluble 
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in  water,  sol  uble 
Melts  at  62°. 


in 


alcohol  and  in  ether. 


Margaric  aci< 


does  not  seem  to 


..  33  V 

COOH/ 

in  natural  fats,'  but  can/oe  prepared  synthe- 


occur 
tically. 

Stearic  acid 


;c17h35- 


mutton-suet,  cacao  bi 


COOH. 
bter. 


occurs  in  beef-suet, 


is  prepared  from  these 


fats  by  processes  similar  to  those  under  palmitic  acid. 
Stearic  acid  closely  resembles  palmitic  acid,  but  melts 
at  69°.  Both  acids  are  extensively  used  for  the 
manufacture  of  candles. 

A third  acid,  which  is  a liquid,  is  commonly  found 
associated  with  palmitic  and  stearic  acids  in  the 
natural  fats,  this  isAIeic  acid. 


Oleic  acid  f| COOII/) — *s  not’ 

• nil  \ • i i j l l _ i _ _ i j. 


speaking,  a 
series — the 
almoncUdil. 
at  H 


fattk  acid, 


belongs 


to  a different 
acrylic^serie^  It  occurs  in  olive  and 
When  pure,  it  solidifies  in  white  crystals 


FATS  AND  FIXED  OILS. 


\\ 


A 


cO 


a. 


A-  fat  or  oil  is  a compound  of  the  radicle  glyceryl 
wTETTfflffTrcid  radicle  of  one-^f-  the  lTtglrei~fatty  jtcids!“ 
"The  large  majority  of  fats  and  oils  consist  of  the  radicle 
glyceryl  united  with  the  oleic,  stearic,  and  palmitic 
radicles.  The  compound  of  glyceryl  and  the  oleic 
radicle  is  glyceryl  oleate  or  olein ; the  compound  of 
glyceryl  and  the  stearic  radicle  is  glyceryl  stearate  or 
stearin;  and  the  compound  of  glyceryl  and  the  palmitic 
radicle  is  .glyceryl  palmitate  or  palmitin.  As  the 
glyceryl  radicle  is  tri  valent,  and  the  fatty  acid  radicles 
are  univalent,  it  follows  that  three  equivalents  of  the 
latter  are  required  to  saturate  one  of  the  former ; the 
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formulae  of  these  fats  and  oils  are,  therefore,  as 
follows  : — 

Glyceryl  oleate  or  olein  C3H5(C18H3302)3. 

Glyceryl  stearate  or  stearin  C3H5(Cl8H3502)3.  C \HflM 

Glyceryl  palmitate  or  palmitin  C3H5(Cl6H3102)3.  £ u , ( f 

Olein  is  a liquid,  stearin  and  palmitin  are  solids; 
therefore  the  larger  the  proportion  of  olein  in  a mixed 
fat  the  softer  it  will  be;  and  the  larger  the  proportion 
of  stearin  (which  is  harder  than  palmitin)  the  harder 
the  mixed  fat  will  be. 

Olein  is  the  chief  constituent  of  olive  oil  and 
almond  oil,  and  is  also  contained  in  castor  oil.  Stearin 
forms  the  bulk  of  beef-suet  and  mutton-suet.  Palmitin 
is  present  in  palm  oil.  Human  fat  is  a mixture  of 
olein,  stearin,  and  palmitin.  Margarin , which  was 
formerly  believed  to  be  a simple  fat,  is  now  known  to 
be  a mixture  of  stearin  and  palmitin. 

Olive  oil  is  a type  of  the  non-drying  oils,  i.e.  oils 
which,  when  exposed  to  the  air,  become  thick  and 
acid,  but  do  not  harden.  Linseed,  poppy,  and  hemp 
oils,  which  are  glycerides  of  linoleic  acid,  dry  up  to 
a hard  varnish,  and  are  termed  drying  oils. 


A soap  is  a compound  of  a metal  with  one  of  the 
radicles  or  oleic,  stearic,  or  palmitic  acid,  and  is  there- 


SOAPS  AND  SAPONIFICATION. 


sodium  oleate  j -l>dO]8il33U2 

Soft  soap  is  potassium  oleate  . . . KC18H.j.,02 

Curd  soap  is  sodium  stearate  . , . NaC\°H3rOo 


Common,  yellow,  or  hard  soap  is  ) 


NaCj8H330. 


sodium  oleate 

Soft  soap  is  potassium  oleate  . . 

Curd  soap  is  sodium  stearate  . , 
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Saponification  is  the  process  by  which  oils  or  fats 
are  converted  into  soaps,  and  consists  in  decomposing 
the  oil  or  fat  with  an  alkali,  when  double  decomposi- 
tion takes  place,  resulting  in  the  formation  of  a soap 
and  glycerin. 

Hard  soap. — This  is  prepared  by  boiling  olive 
oil,  cocoanut  oil,  suet,  etc.,  with  caustic  soda,  when 
double  decomposition  occurs  as  follows  : — 

C3H5(C18H3302)3  + SNaHO  = 3NaC18H3302  + 

Glyceryl  oleate.  Sodium  hydrate.  Sodium  oleate. 

C3H5(HO)3 

Glycerin. 

When  the  process  of  saponification  is  completed, 
common  salt  is  added  to  separate  the  soap  from  the 
glycerin  ; the  soap  being  insoluble  in  a solution  of 
common  salt,  it  is  thrown  out  of  solution  on  the 
addition  of  the  salt,  and  rises  to  the  surface  of  the 
liquid,  when  it  can  be  removed. 

Soft  soap This  is  prepared  by  boiling  olive  oil 

and  other  fats  with  caustic  potash,  when  double  de- 
composition occurs  as  follows  : — 

C3H5(C18H3302)3  + 3KHO  = JKC]8H3302  + 

Glyceryl  oleate.  Potassium  Potassium  oleate. 

hydrate. 

C3H5(HO)3 

Glycerin. 

Common  soH  cannot  be  used  to  throw  this  soap 
out  of  solution,  as  it  would  convert  it  into  the  soda 
soap  ; the  solution  is  therefore  evaporated  to  a soft 
consistence,  the  glycerin  being  left  in  the  soap. 

The  term  saponification,  originally  applied  to  the 
decomposition  of  the  fats  by  boiling  with  a caustic 
alkali  by  which  a soap  was  formed,  is  now  extended 
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so  that  it  includes  the  decomposition  of  any  ester  by 
an  alkali,  e.g., 


C0H5C1 

"Ethyl 

chloride. 


+ 


KHO 

Potassium 

hydrate. 


= KCl  + CJLB'O 


Potassium 

chloride. 


2-1 — &- 
Alcohol. 


tactic  acid 


( 


hc3h5o3 


or 


It 


although  u ) soap  is  formed. 

CHoHO 

ch; 

COOH 

will  be  seen  from  the  formula  given  below  that  this 
acid  can  be  prepared  from  propionic  acid  by  the  sub- 
stitution of  hydroxyl  (HO)  for  one  atom  of  hydrogen, 
and  is  therefore  hydroxvpropionic  acid._ 


C,J+c 


/c2h5 

\COOH 

Propionic 

acid. 


I C2H  ,(HO) 
\COOH 


Lactic  or  lijdroxy  propionic 
acid. 


An  isomer  of  this  acid  exists  known  as  fermenta- 

/ ( CH»  \ 

tion  lactic  acid  [ < CHOH  ). 

V ( COOH  / 

A third  isomer  of  lactic  acid  is  the  sarcolactic 
acid  found  in  muscle. 

Preparation  of  ordinary  or  fermentation 
lactic  acid. — This  acid  is  best  obtained  by  the 
process  known  as  the  lactic  acid  fermentation  of 
sugar,  which  is  effected  by  the  action  of  the  ferment, 
penicillium  glaucum,  on  either  glucose  or  milk  sugar. 
Under  the  influence  of  this  ferment,  both  these  sugars 
split  up  into  lactic  acid ; the  glucose  molecule  be- 
coming resolved  into  two  molecules  of  lactic  acid, 
thus  : 


Cy>H  I2^fi 

Glucose. 


2<W>, 

Lactic  acid  ; 
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the  milk-sugar  molecule  is  resolved  into  four  molecules 
of  lactic  acid — 


C12H22On,  h2o  = 

Lactose  or  milk 
sugar. 


4CoHr)03 

Lactic 

acid. 


The  production  of  lactic  acid  by  fermentation  is 
best  effected  by  taking  a mixture  of  sugar,  mouldy 
cheese  (the  mould  of  which  is  penicillium  glaiccum), 
chalk,  and  water,  and  leaving  the  mixture  for  some 
time  in  a warm  place  \ the  lactic  acid  as  it  is  formed 
is  converted  by  the  chalk  into  calcium  lactate,  which 
is  deposited  as  a crystalline  mass.  From  the  calcium 
lactate  the  lactic  acid  may  be  set  free  by  the  addition 
of  sulphuric  or  oxalic  acid ; on  filtering  from  the  in- 
soluble calcium  sulphate  or  oxalate,  and  evapoiating 
the  filtrate,  the  lactic  acid  is  obtained  as  a syrupy 
liquid. 

If  the  fermentation  is  allowed  to  continue  too 
long,  then  the  lactic  acid  becomes  decomposed  by  a 
further  fermentative  process  into  butyric  acid,  thus  : 


2C3H603 

Lactic 

acid. 


04H8O8 

Butyric 

acid. 


+ 2C02  + 2H2 

Carbon  Hydrogen, 

dioxide. 


Ordinary  lactic  acid  has  no  action  on  polarized 
lio-ht  and  its  zinc  salt  crystallises  with  three  mole- 
cules  of  water  (Zn(CsH603)3  + 3H.O) ; 1 part  of  the 
salt  requires  58  parts  of  water  for  its  solution.. 

The  isomer  obtained  from  flesh  (scu  coicictic  cicid ) 
is  dextrorotatory.  Its  zinc  salt  has  the  formula 
Zn(C.,H-0.,),  + 2IToO,  and  1 part  of  the  salt  dissolves 

in  17  of  water.  . . , 

The  souring  of  milk  on  exposure  to  the  aii  is  due 

to  the  conversion  of  the  milk  sugar  into  lactic  acid, 
the  fermentation  being  induced  by  the  spores  of 
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penicillinm.  glctucum,  which  are  always  present  in  the 
air,  settling  on  the  surface  of  the  exposed  milk. 


2.  Dibasic  Organic  Acids. 


Oxalic  acid  (H2C204  or  | qqqjj)- — This  acid 

is  present  in  the  form  of  potassium  and  calcium  salts 
in  a few  plants,  such  as  the  wood-sorrel,  rhubarb,  and 
common  dock.  There  is  not,  however,  a sufficient 
quantity  of  it  in  these  plants  to  render  its  extraction 
from  them  a commercial  success,  and  it  is  therefore 
obtained  by  an  artificial  process.  It  may  be  pre- 


fli  In  the  form  of  its  sodium  salt  by  passing  carbon 
dioxide  over  carefully  heated  metallic  sodium. 


2Na  + 2C03 

Sodium.  Carbon 

dioxide. 


= Ha0Cc,Oj 


Sodium 

oxalate. 


.<§  It  may  also  be  prepared, by  boiling  cane  sugar 
with  strong  nitric  acid,  some  of  the  oxygen  of  which 


sugar  to  oxalic  acid. 


Ci2H22On  4-  902  = 6H2C204  + 5H20 

Cane  sugar.  Oxygen.  Oxalic  acid.  Water. 


/n^  On  the  manufacturing  scale,  oxalic  acid  is 
prep^d"T!ffi^|Ml|]^  ' The  process  is  carried  out 
on  "a  large  scale  by  heating  sawdust  to  a temperature 
of  204°  with  caustic  soda  on  iron  plates,  care  being 
taken  not  to  use  sufficient  heat  to  char  the  sawdust ; 
the  sodium  oxalate  is  then  extracted  by  means  of 
boiling  water,  and  decomposed  by  slaked  lime  into 
the  insoluble  calcium  oxalate  and  caustic  soda ; the 
latter  can  then  be  used  for  heating  with  a fresh 
portion  of  sawdust. 
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Na2C2°4  + Ca(HO)2  = CaC204  + 2NaH0 

Sodium  Slaked  Calcium  Caustic 

oxalate.  lime.  oxalate.  soda. 


The  calcium  oxalate  is  then  decomposed  with 
sulphuric  acid  and  water,  with  formation  of  insoluble 
calcium  sulphate  and  soluble  oxalic  acid  ; on  filtering 
from  the  calcium  sulphate,  and  concentrating  the 
filtrate  by  evaporation,  crystals  of  oxalic  acid  are 
deposited. 

CaC304  + H2S04  = H2C204  + CaS04 

Calcium  Sulphuric  Oxalic  Calcium 

oxalate.  acid.  acid.  sulphate. 


Properties  of  oxalic  acid  (H2C204  + 2H20). 
— Oxalic  acid  is  a white  crystalline  solid,  with  a very 
acid  taste;  it  is  an  irritant  poison,  the  antidote  for 
it  being  chalk  or  lime-water,  either  of  which  neutralises 
the  oxalic  acid,  and  forms  the  insoluble  calcium 
oxalate  ; on  gently  heating,  water  is  evolved,  and  the 
anhydrous  acid  (H3C204)  sublimes. 


Salt  of  sorrel  (KHC204,  H2C204  + 2H20)  is  an  acid 
potassium  oxalate  combined  with  oxalic  acid;  it  exists 
in  the  wood  sorrel,  and  may  be  made  by  one-fourth 
neutralising  oxalic  acid  with  potassium  carbonate; 
salt  of  sorrel  and  oxalic  acid  are  botli  used  for  re- 
moving ink-stains  from  linen,  the  tannate  of  iron  of 
the  ink-stain  being  soluble  in  a solution  of  oxalic 
acid.  Heat  decomposes  oxalic  acid  into  water  and 
the  two  oxides  of  carbon ; a similar  decomposition, 
but  at  a lower  temperature,  takes  place  when  oxalic 
acid  is  heated  with  strong  sulphuric  acid  (see  page  157). 
Oxalates  of  th|e  metals  when  heated  yield  carbonates, 
with  evolution  of  carbon  monoxide  ; thus  : 


2 


CaC204 

Calcium 

oxalate. 


= OaOOg  + CO 

Calcium  Carbon 

carbonate.  monoxide. 
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Tests  tor  oxalic  acid. — (i)  If  a solution  of  oxalic 
ac?d  be  neutralised  with  ammonia,  and  calcium  chloride 
be  added,  a white  precipitate  of  calcium  oxalate  will  be 
thrown  down  ; this  precipitate  is  insoluble  in  acetic 
ackhbut  is  soluble  in  hydrochloric  acid. 

(ii)  When  boiled  with  strong  sulphuric  acid,  oxalic 


acid  and  the  oxEHaEe^^  m 


Succinic  acid  ( IIX'.H  .O  ,,  or  C2H4^q|[). 

heat,  hence 
not 


— This  acid  can  be  obtained  from  amber  bi 
its  name  (from  succinum,  amber)!*""  Although 
employed  at  all  in  medicine,  it  is  of  interest  on  account 
of  its  relationship  to  malic  and  tartaric  acids,  as  will 


be  seen  from  the  following  formulae  : — 


Succinic  acid  C4H604  or  C2H4  <^00H 
Malic  acid  C4H605  or  C2H3(HO)  ^OOH 
Tartaric  acid  C4H606  or  C2H2(HO)2  <^OOH 


Malic  acid  is  therefore  hydroxysuccinic  acid,  and 
tartaric  is  dihydroxy  succinic  or  hydroxymalic  acid. 
Succinic  acid  is  formed  in  small  quantities  in  the 
alcoholic  fermentation.  It  crystallises  in  colourless 
prisms,  melting  at  180°;  it  readily  sublimes. 

Malic  acid  ( H2C4H40.  or  OaH3(HO)  <cooh)' 

— This  acid  is  present  in  the  free  state  in  apples,  pears, 
cherries,  berries  of  the  mountain  ash,  and  various 
other  fruits ; it  is  also  present  in  considerable  quan- 
tities in  green  garden  rhubarb,  the  sourness  of  which 
is  due  to  malic  acid.  It  is  not  used  in  medicine,  but 
is  of  interest  as  being  intermediate  in  composition 
between  succinic  and  tartaric  acids  ( see  above). 
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Tartaric 

acid 


. / COOH  v 

H2ClH,06  or  ) This  acid 


(.COOH  ' 

occurs  as  potassium  acid  tartrate  (cream  of  tartar)  in 
"ffiiTpes,  UliMflnds,  pme-apples,  and  several  other  truitsT 
Tt  Is  deposited  as  argol  during  the  fermentation  of 
grape  juice  ; for  although  the  potassium  acid  tartrate 
dTsoluBTed ri  "The  grape  j uice,  it  is  insoluble  in  alcohol, 
and  is  therefore  precipitated  as  the  grape  sugar 
becomes  converted  into  alcohol.  Argol  consists  of 
potassium  acid  tartrate  coloured  with  some  of  the 
colouring  matter  of  the  wine  ; it  also  constitutes  the 
crust , formed  as  a sediment,  in  old  port  and  other 
wines.  Cream  of  tartar , or  bitartrate  of  potash , as  it 
is  sometimes  called,  is  argol  deprived  of  its  colouring 
matter  by  means  of  animal  charcoal  and  recrystallisa- 
tion. 

Preparation. — Tartaric  acid  is  prepared  by’ 
dissolving  cream  of  tartar  in  boiling  water,  and  adding 
chalk  till  effervescence  ceases,  when  one-half  of  the 
tartaric  radicle  is  precipitated  as  calcium  tartrate,  the 
other  half  remaining  in  solution  as  potassium  tartrate. 


2KHC4H4P6 

Potassium 
acid  tartrate. 


+ CaCO,  = 


Calcium 

carbonate. 


CaC4H406 

Calcium 

tartrate. 


+ 


k204h406 

Potassium 

tartrate. 


+ 


co3 

Carbon 

dioxide. 


+ h2o 

Water. 


Calcium  chloride  is  then  added  to  decompose  the 
potassium  tartrate,  so  that  the  whole  of  the  cream  of 
tartar  is  converted  into  the  insoluble  calcium  tartrate. 


k3o4h4o6 

Potassium 

tartrate 


"h 


CaCl3 

Calcium 

chloride. 


CaC4H406 

Calcium 

tartrate. 


+ 2KC1 

Potassium 

chloride 
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The  calcium  tartrate  is  finally  decomposed  with 
sulphuric  acid  and  water,  with  the  production  of 
insoluble  calcium  sulphate  and  soluble  tartaric  acid  ; 
on  filtering  from  the  calcium  sulphate,  and  concen- 
trating the  filtrate  by  evaporation,  crystals  of  tartaric 
acid  are  deposited. 

CaC4H406  + H2S04  = H2C4H406  CaS04 

Calcium  Sulphuric  Tartaric  Calcium 

tartrate.  acid.  acid.  sulphate. 


Properties. — Tartaric  acid  is  a white  crystalline 
solid,  with  a very  acid  taste.  Three  isomeric  varieties 
of  tartaric  acid  exist,  viz.  dextro-tartaric  acid  and 
lsevo-tartaric  acid,  a solution  of  the  former  twisting 
a ray  of  polarised  light  to  the  right,  and  of  the 
latter  to  the  left  : ordinary  tartaric  acid  is  dextro- 
tartaric  acid.  Racemic  acid  is  a mixture  of  the  two 
varieties,  and,  in  the  form  of  the  acid  potassium  salts, 
exists  in  some  varieties  of  grapes  : racemic  acid  has 
no  action  on  polarised  light.  The  third  isomeric  ( meso - 
tartaric)  acid  is  also  without  action  on  polarised  light, 
but  its  inactivity  is  due  to  its  internal  structure. 

Tests  for  tartaric  acid. — fi^If  to  a solution  of 
tartaric  acid  carefully  neutralised  \^thammoniusome 
silver  nitrate  be  added,  a white  precipitate  ot  silver 
tartrate  is  thrown  down  ; on  heating  the  mixture,  a 

Sitate  of  metallic  silver  forms  as  a mirror-like 
Tron  the'  sides  'of  the  test-tube. 

-iTTi  n s^LTecj  with  a solution  of  potassium 
acid  gives  a white  crystalline 


[n 

sulpnate 
preci 


tartaric 


^ When  heated  with  strong  sulphuric  acid,  a 
tartWte  cEars~and  e"^Tves~the  odour  oT  burnt  sugar. 
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3.  Tribasic  Organic  Acids. 

/ (CH2COOH\ 

Citric  acid  ( H3C6H507  or  < CHO  COOH  ).— 
\ (CH0  COOH  / 

This  acid  is  present  in  lemons,  limes,  currants,  goose- 
berries, raspberries,  etc.  It  is  prepared  from  lemon- 
juice  or  lime-juice  by  first  boiling  the  juice  and 
filtering  from  any  suspended  matters,  and  then  adding 
chalk  until  effervescence  ceases ; the  precipitated 
calcium  citrate  is  collected  and  decomposed  with 
sulphuric  acid  in  a manner  similar  to  that  employed 
in  the  preparation  of  tartaric  acid. 

Properties  and  test. — Citric  acid  is  a white 
crystalline  solid,  with  a very  acid  taste.  The  best  test 
for  the  solid  acid  is  the  peculiar  way  in  which  it 
chars  when  treated  with  strong  sulphuric  acid  ; it  first 
turns  of  a pale  lemon  colour,  passing  successively  to 
a darker  yellow  colour,  a sherry  colour,  a port  colour, 
aiid  ffrratly  becoming  black. 

It  gives  no  mirror  with  silver  salts,  and  no  pre- 
cipitate w itir^po t assTufn  sulphate. 
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Benzene — Toluene  — Nitrobenzene  — Phenol  or  Carbolic  Acid — 
Sulphocarbolic  Acid— Picric  Acid — Resorcin — Essential  Oil 
of  Bitter  Almonds — Benzoic  Acid—  Hippuric  Acid— Salicylic 
Acid  — Gallic  Acid  — Pyrogallic  Acid — Tannin — Terpenes — 
Camphor. 

The  aromatic  or  closed  chain  bodies  present  a remark- 
able contrast  in  many  of  their  reactions  and  properties 
to  the  fatty  or  open  chain  bodies  which  we  have 
discussed  in  the  previous  pages.  As  the  latter  may 
be  lo’oked  upon  as  the  derivatives,  more  or  less  direct, 
of  marsh  gas,  so  the  aromatic  bodies  may  be  considered 
as  derivatives  of  the  hydrocarbon  benzene.  Many  of 
them  have  fragrant  odours,  as  oil  of  bitter  almonds, 
nitrobenzene,  benzoic  acid,  etc.,  hence  the  name  of 
\c  bodies.  The  parent  substance  benzene 
[06H6)  )s  an  eminently  unsaturated  hydrocarbon  ; as 
carbon  is  a tetrad  the  six  carbon  atoms  have  twenty- 
four  points  to  which  elements  can  attach  themselves ; 
only  six  of  these  are  occupied  by  atoms  of  hydrogen. 
Several  formulae  have  been  proposed  for  benzene,  but 
the  one  usually  adopted  we  owe  to 
Kekule,  who  in  1865  proposed  his 
celebrated  ring  formula  for  ben- 
zene. According  to  this  theory  the 
six  carbon  atoms  are  supposed  to 
be  arranged  at  the  six  angles  of  a 
hexagon,  and  to  be  alternately, 
doubly  and  singly  linked.  This,  as 
will  be  seen  in  the  graphic  formula 
given,  leaves  six  affinities  free  for 
the  six  hydrogen  atoms — 

This  formula  explains  most  of  the  reactions  of 


H. 


X 


cr 


H 


H 


I 

H 

Kekuld’s  ring  formula 
for  benzene. 
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benzene ; for  instance,  as  all  the  hydrogen  atoms  are 
similarly  combined,  as  regards  the  carbon  atoms,  if  we 
replace  one  hydrogen  atom  by  chlorine  or  bromine 
(it  matters  not  which  hydrogen  atom  is  replaced),  the 
resulting  monochlorbenzene  will 'be  the  same  in  every 
case ; accordingly  we  find  only  one  monochlorbenzene 
known.  If,  however,  we  replace  two  atoms  of  hydro- 
gen by  two  atoms  of  chlorine,  three  modifications,  as 
shown  below,  are  possible,  and  only  three  : 


Cl 


C6 


ir 


;c* 


c5  „ 3c 

i 

H 


‘H 


Cl 

I 

Vs  9 c 


p5  3p 
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Cl 

I 
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C6 
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3 p 
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'H. 


Cl 
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CL 


'C 


H 


6 

1 

cl 


Cl 


H 


C 


ci  h 

i 

H 

Dichlorbenzenes. 


C 

I 

H 


Thus  numbering  the  atoms  of  carbon,  we  have  the 
chlorine  atoms  attached  to  1*2  consecutive,  1*3 
alternate,  1 -4  opposite  ; it  is  obvious  that  1 -5  is  the 
same  as  1*3,  and  1*6  the  same  as  1*2.  Accordingly 
we  find  three,  and  only  three,  dichlorbenzenes  known. 
These  are  generally  named  1*2  ortho  (o),  1‘3  meta 
(m),  and  1 '4  para  (p)  derivatives. 

In  the  same  way,  3 trichlor-,  3 tetrachlor-,  1 pen- 
tachlor-,  and  1 hexchlor-benzenes  are  possible ; in 
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Benzene. 


every  case  agreeing  with  the  number  of  derivatives 
hitherto  discovered. 

Benzene  (C6H6),  of  ben  called  benzol ; this  sub- 
stance can  be  prepared — 

® TSv  heating  acetylene  to  redness  in  a tube  of 
hard  glass. 

"7  " 302H2  = C6H6  |/1 

Acetylene.  Benzene.  ]/  ^ 


(ii))  By  distilling  benzoic  acid  with  lime. 


+ 

\COOH  + 

CaO  = 

CaC03  + 

c6h6 

Benzoic 

Lime. 

Calcium 

Benzene. 

\ acid.  carbonate. 

(iii)  On  the  large  scale  it  is  manufactured  from 
coal  tar.  When  coal  tar  is  subjected  to  fractional 
distillation,  the  portion  which  comes  over  below  170° 
is  known  as  “light  oil;”  on  fractionating  this  light 
oil,  the  portion  which  distils  over  below  140°  contains 
the  benzene.  This  portion  is  treated  consecutively 
with  dilute  sulphuric  acid  and  with  caustic  soda,  and 
repeatedly  washed ; the  neutral  oil  is  then  distilled, 
and  the  portion  coming  over  between  80°-90°  col- 
lected ; it  is  then  cooled  to  —12°,  pressed,  and  finally 
distilled,  the  portion  boiling  80°-81°  being  almost 
pure  benzene. 

Properties.  — Benzene  is  a thin,  colourless, 
limpid  liquid,  with  a peculiar  odour.  Its  sp.  gr.  is 
•885  ; boils  at  80 -5°  ; solidifies  at  6°.  It  is  very  in- 
flammable, burning  with  a smoky  flame  on  account 
of  the  large  amount  of  carbon  it  contains.  It  is  .a. 
pr>\yp.rfn1  solvent  of  fats,  and  is  on  this  account  coiq,- 
inonly  employed  for  removing  grease;  it  is  almost 
insoluble  in  water,  but  mixes  readily  with  alcohol 
and  ether. 
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Toluene  or  metliylbenzene  (C6H5.CH3).— 
This  body  is  commonly  known  as  toluol.  It  is 
contained  in  the  coal-tar  distillate,  and  passes  o\  er 
between  100°  and  120  . It  is  a liquid,  smelling 
like  benzene,  and  may  be  obtained  by  the  substitution 
of  methyl  for  chlorine  in  chlorbenzene.  This  is 
effected  by  distilling  together  chlorbenzene,  methyl 
iodide,  and  sodium. 

CLTLCl  + CH3I  + 2Na  = CrH5.  CH3  + 

Chlorbenzene.  Methyl  Sodium.  Toluene, 

iodide. 

NaCl  + Nal 

Sodium  Sodium 

chloride.  iodide. 


Nitrobenzene  (C6H5N02). — This  body  is  also 
known  as  nitrobenzol  and  essence  of  mirbane.  It  is 
obtained  by  the  action  of  strong  nitric  acid  on 
benzene,  the  mixture  being  subsequently  poured  into 

water. 


CgHg  + HN03 

Benzene.  Nitric 

acid. 

I / > 


C6H5N03  + H„0 

Nitrobenzene.  Water 


Properties. — Nitrobenzene  is  a yellow  liquid  ; 
sp.  gr.  1-2  ; boiling  at  205°  ; and  possessing  a strong 
odour  resembling  that  of  the  essential  oil  of  bitter 
almonds , and  is  on  this  account  used  for  flavouring 
and  perfuming.  It  is  a poisonous  substance,  and  is 
extensively  employed  in  commerce  in  the  manufacture 
of  aniline  (see  page  460).  Di-nitro  (CGH4(N0.2)2) 
and  tri-nitro  (C6H3(N02)3)  benzenes  have  also  been 

1 ^Phenol  or  carbolic  acid  /cfiH6HO)/-This 
body,  which  is  the  ordinary  carbolic  acid,  is  also 
known  as  phenic  acid.  It  is  contained  in  coal  tai, 
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from  which  it  is  obtained  for  commercial  purposes 
from  that  portion  of  coal  tar  distilling  between  180° 
and  190  . It  may  be  obtained  in  a chemically  pure 
state  by  the  withdrawal  of  carbon  dioxide  from 
salicylic  acid,  which  is  effected  by  heating  salicylic 
acid  with  quicklime. 

{cOHO  + = C6H5HO  + CaC03 

Salicylic  Lime.  Carbolic  Calcium 

ac^‘  acid.  carbonate,. 

Properties. — Carbolic  acid  is,  in  the  pure  state, 
a colourless  crystalline  body,  but  it  soon  assumes  a 
pink  colour.  It  is  soluble  in  15  parts  of  water, 
and  readily  soluble  in  alcohol,  ether,  and  glycerin 
(Glycerinum  acidi  carbolici).  If  solid  carbolic  acid  is 
mixed  with  a small  quantity  of  water  it  liquefies, 
100  parts  of  the  acid  and  10  parts  of  water  forming 
Acidum  carboliciim  liquef actum.  It  possesses  a 

characteristic  odour  and  taste,  somewhat  resembling 
creasote..  It  is  a powerful  antiseptic  on  account  of 
its  germicidal  properties.  It  is  a corrosive  and  irri- 
tant poison.  It  will  be  noticed  that  phenol  is  the 
hydrate  of  the  radicle  phenyl  (C6H5),  just  as  ordinary 
alcohol  is  the  hydrate  of  the  radicle  ethyl  (C0H5) ; it 
differs,  however,  from  ordinary  alcohol  in  beiim  much 
more  acid  in  its  character  \ thus,  it  dissolves  readily 
in  potassium  hydrate,  forming  a carbolate  or  phenate 
(GVH5OK)  • moreover,  it  does  not  contain  the  group 
(CHoHO)  characteristic  of  a primary  alcohol.  On 
the  other  hand,  it  is  not  a true  acid,  as  it  does  not 
contain  the  group  oxatyl  (COOH). 

Tests — (i)  .Carbolic  _ acid  gives,  with  bromine 
water,  a white  precipitate  of  tribromphenol 
(C6H^r3HO).  This  constitutes  a^xerv  delicate  test 
for  carbolic  acid,  and  is  the  best  method  for  its  detec- 
tion in  the  uiino  in  cases  of  carbolic  acid  poisoning 
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and  in  cases  of  absorption  of  carbolic  acid  from 
wounds  washed  witli  carbolic  acid  lotion,  (ii))  Ferric 
chloride  gives  a violet  colour  with  a solution  oF" car- 
bolic  acid  ( see  p.  457). 

Sulpliocarbolic  acicl  (C3H4(H0)S03H).  — This 
is  prepared  by  dissolving  carbolic  acid  in  strong  sul- 
phuric acid.  By  mixing  it  with  metallic  hydrates  or 
carbonates,  sulphocarbolates  are  formed.  Two  of 
these  salts  are  used  in  medicine,  viz.  sodium  sulplio- 
carbolate  (C6H4(H0)S03Na),  and  zinc  sulphocarbolato^ 
T l'i  11  itro |>Iie n o I or  picric  acicf(CfiHa(N  Oo)nHQ)j 
— This  is  obtained  by  dropping  carbolic  acid  into 
fuming  nitric  acid.  It  forms  yellow  crystals,  known 
as  carbazotic  acid  or  picric  acid ; it  is  very  bitter  ; 
its  salts  are  explosive ; it  is  used  as  a dye. 

Resorcin  (C6H4(HO)2).— This  body  is  dihydroxy- 
benzene.  Three  such  isomeric  bodies  exist,  according 
to  the  relative  positions  of  the  hydroxyl  groups  in  the 
benzene  ring,  viz.  (the  hydrogen  atoms  are  omitted)  : 


OH 

l 

OH 

1 

a 

fi  1 

OH 

1 

1 

^OH 

c nr 

11  1 

ft  1 

II  1 

11  1 
c\c^°xoh 

1 

c 

i 

(ortho) 

Catechol 

(or  pyrocatechin). 

(meta) 

Resorcinol. 

OH 

(para) 

Hydroquinone. 

Of  these,  only  the  meta  derivative  is  used  in  medicine. 

Resorcinol  or  resorcin  is  prepared  by  fusing 
benzene  disulphonate  of  potassium  with  caustic  potash. 


C«H4so'k  + 2KH0  = c6hi(ho)s  + 2K„so3 

Potassium  Potassium  Resorcin.  Potassium 

benzene-disul  phonate.  hydrate.  sulphite. 
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It  is  a white  crystalline  substance,  soluble  in  water, 
alcohol,  and  ether.  It  gives  a dark  violet  colour 
with  ferric  chloride,  and  a white  precipitate  with 
bromine  water. 

The  para  derivative,  hydroquinone,  is  largely  used 
as  a developer  in  photography. 

Pyrogallol  or  pyrogallic  acid  is  a trihydroxy- 
benzene  (the  HO  groups  being  in  the  positions  1,  2,  3) ; 
it  sublimes  when  gallic  acid  is  heated. 

{cOOH10^  = C0*  + C6HS(HO)3 


It  forms  colourless,  very  light  crystals,  melting  at 
115°,  and  very  soluble  in  water;  when  mixed  with 
an  alkaline  hydrate  the  solution^  absoros  _oxygen 


P^  ft  ' 

al  oil  of  bitter 


rapidly  turning  almost  black. 

Benzoic  aldehyde  or  essential 

/ c H ' 

almonds  (coh)'I — This  obtained  from  the  gluco- 

side  amygdalin  present  in  the  bitter  almond  seeds,  by 
digesting  the  hitter  almonds  with  water  and  after- 
wards distilling.  The  bitter  almond  seeds  contain  a 
ferment  emulsin  or  synaptase,  which,  in  presence  of 
water,  causes  the  amygdalin  to  decompose  into  the 
essential  oil  of  bitter  almonds,  hydrocyanic  acid,  and 
glucose. 


■U 


C2(1II27NOn  + 2H20  = C,HfiO  + HCN  + 

Amygdalin,  Water.  Essential  oil  of  Hydrocyanic 

bitter  almonds.  acid. 


2C(iH1506 

Glucose. 

The  essential  oil  of  bitter  almonds  therefore  con- 
tains a considerable  quantity  of  hydrocyanic  acid  (4 
to  8 per  cent.),  unless  specially  purified  from  it.  It 
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may  be  freed  from  the  hydrocyanic  acid  by  distillation 
with  slaked  lime  and  ferrous  chloride,  by  which  means 
the  volatile  hydrocyanic  acid  is  converted  into  the 
non-volatile  calcium  ferrocyanide.  If  the  essential 
oil  of  bitter  almonds  is  exposed  to  the  air  it  absorbs 
oxygen,  the  benzoic  aldehyde  becoming  converted  into 
benzoic  acid,  which  is  deposited  as  white  crystals. 


2/c6H5 
| COH  + 

Benzaldeliyde.  Oxygen. 


2 I C6H5 
' 1 COHO 

Benzoic 

acid. 


When  reduced  by  sodium  amalgam,  benzaldeliyde 
fornls  benzyl  alcohol. 


/ _L  H — 

\COH  + ~ 

Benzaldeliyde.  Hydrogen. 


cfiH5 

CH„HO 

At 

Benzyl 

alcohol. 


Benzaldeliyde  is  a thin,  colourless  liquid  ; sp.  gr. 
1-05;  boils  at  180°;  it  does  not  redjice  Feliling’s 
copper  solution  ; it  is  much  used  for  flavouring. 

Benzoic  acid  ^HC7H502  or  This 

acid  may  be  prepared  (i)  from  gum'dbenrdTn,  which 
contains  from  12  to  15  per  cent,  of  it,  by  heating  the 
crushed  benzoin,  when  the  benzoic  acid  sublimes,  or 
more  economically  by  boiling  the  crushed  benzoin 
with  slaked  lime  and  water,  when  the  benzoic  acid  is 
extracted  as  the  soluble  calcium  benzoate. 


2HC7PTrOo  + Ca(HO)3  = Ca(ClH502)2  + 

Benzoic  slaked  Calcium 

acid.  lime.  benzoate. 


2H,0 

Water. 


From  the  filtrate  benzoic  acid  is  precipitated  by 
the  addition  of  hydrochloric  acid. 
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Ca(C7H502)2  + 2HC1  = 2HC7H502  + CaCL 

Calcium  Hydrochloric  Benzoic  Calcium 

benzoate.  acid.  acid.  chloride. 

(ii)  Benzoic  acid  may  be  prepared  by  the  oxida- 
tion of  oil  of  bitter  almonds  (see  above). 

(iii)  Benzoic  acid  may  also  be  obtained  from 
hippuric  acid,  which  can  be  extracted  from  the  urine 
of  cows  or  horses,  by  boiling  that  acid  with  hydro- 
chloric acid,  when  it  takes  up  a molecule  of  water. 


/ CH2(NHC7HbO) 
\COOH 

Hippuric 

acid. 


+ H>0  - 

Water. 

hc7h5o3 

Benzoic  acid. 


/CH2(NH2) 

\COOH 

Amidoacetic 

acid. 


+ 


(iv)  By  the  action  of  sodium  and  carbon  dioxide 
on  monobrombenzene. 


C6H5Br  + 2Na  + C02 

Brombenzene.  Sodium.  Carbon 

dioxide. 


C;H5 

COONa 

Sodium 

benzoate. 


NaBr  + 

Sodium 

bromide. 


Benzoic  acid  forms  glistening  crystals  with  a 
characteristic  odour,  slightly  soluble  in  water,  melting 
at  120°,  subliming  at  125°.  The  vapour  produces 
violent  coughing. 

Ferric  chloride  gives  a flesh-coloured  precipitate 
with, a benzoate. 

"Salicylic  acid  Kr  lp(Uoxyl»ftn»oift  acid 

— Twxy  kinds  of  salicylic  acid  occur  in 


COOH 
coin  m ci 
cylic  acids 


i 


the  natural  and  artificial  sali- 
The  natural  salicylic  acid  is  obtained 
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from  oil  of  winter  green  or  metliyl  salicylate,  by  distil- 
ling it  with  caustic  soda,  when  methyl  alcohol  distils 
over  and  sodium  salicylate  is  left  behind.  If  the 
sodium  salicylate  is  dissolved  in  water,  salicylic  acid 
can  be  precipitated  by  the  addition  of  hydrochloric 
acid  to  the  solution.  Artificial  salicylic  acid  is 
prepared  from  carbolic  acid.  It  will  be  seen  that  if 
carbon  dioxide  is  added  to  the  molecule  of  carbolic 
acid  salicylic  acid  is  produced  ; thus  : 


c«h6o 

Carbolic 

acid. 


+ C02  = 

Carbon 

dioxide. 


c7h(;o3 

Salicylic 

acid. 


This  is  effected  by  converting  the  carbolic  acid  into 
sodium  carbolate  by  the  addition  of  caustic  soda,  and 
then  heating  the  sodium  carbolate  in  a stream  of  carbon 
dioxide  at  200°,  when  it  becomes  converted  into 
sodium  salicylate. 

C,HrNaO  + COo  = NaC7H503 

Sodium  Carbon  Sodium 

carbolate.  dioxide.  salicylate. 


Salicylic  acid  is  precipitated  from  an  aqueous 
solution  of  the  sodium  salicylate  by  the  addition  of 
hydrochloric  acid. 

Properties. — Salicylic  acid  is  a white  solid,  free 
from  smell,  slightly  soluble  in  cold  water  and  readily 
soluble  in  hot  water,  alcohol,  and  ether.  It  is  an 
antiseptic.  It  is  largely  used  in  medicine  in  the  form 
of  its  sodium  salt,  the  preparation  of  which  has  been 
described  in  the  two  processes  given  above. 

Tests. (i)  A solution  of  salicylic  acid  gives, 

with  ferric  chloride,  a violet  colour,  (ii)  Salicylic 
acid,  heated  with  quicklime,  evolves  the  odour  of 
carbolic  acid,  the  quicklime  extracting  the  carbon 
dioxide  from  the  salicylic  acid,  and  so  reducingdt  to 
carbolic  acid,  (iii)  With  strong  sulphuric  acid  and  a 
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little  potassium  nitrite  solution,  a permanent  red 
colour  is  produced  (phenol  gives  a red  colour,  which 
turns  through  green  to  blue). 

Gallic  acid  or  tri-liydroxyfoenzoic  acid, 

or  di-liydroxysalicylic  acid  ^ j qqjjq  ^^3)- — 

Gallic  acid  occurs  in  small  quantity  in  oak  galls,  but 
is  generally  prepared  from  tannic  acid  by  the  union  of 
that  body  with  the  elements  of  water.  As  tannic  acid 
is  contained  to  a considerable  extent  in  oak  galls, 
gallic  acid  is  prepared  by  boiling  the  crushed  galls 
with  dilute  sulphuric  acid  for  about  half  an  hour,  when 
the  tannin  unites  with  the  elements  of  water  and  forms 
gallic  acid.  If  the  liquid  is  filtered  while  hot,  it 
deposits  crystals  of  gallic  acid  on  cooling. 

Test. — A solution  of  gallic  acid  gives,  with  ferric 
chloride,  a bluish-black  precipitate  of  ferric  gallate. 

Tannin  or  tannic  acid  (C14H10O9). — This 
substance  is  a constituent  of  oak  galls,  from  which  it  is 
obtained  by  macerating  the  galls  in  a mixture  of  ether, 
alcohol  and  water.  The  strained  aqueous  liquor,  if 
evaporated,  deposits  tannin.  The  relationship  of 

tannin  to  gallic  acid  is  represented  in  the  following 
equation,  which  shows  that  two  molecules  of  gallic 
acid,  deprived  of  one  molecule  of  water,  yield  tannin. 

2C-H0O5  - H.O  = C14H10O9 

Gallic  acid.  Water.  Tannin. 

Tests. — (i)  solution  of  tannic  acid  gives, 

with  ferric  chloride,  a dark  bluish-black  precipitate  of 
ferric  tannate  resembling  in  appearance  the  precipitate 
of  ferric  gallate.  (ii)  An  aqueous  solution  of  tannin 
precipitates  an  aqueous  solution  of  gelatine.  This 
test  serves  to  distinguish  tannic  acid  from  gallic  acid, 
as  the  latter  does  not  precipitate  gelatine. 
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Terpenes. 

Terpenes  of  the  formula  C10Hlc  are  isomeric  hydro- 
carbons occurring  as  volatile  oils  in  plants,  from  which 
they  may  be  obtained  by  a process  of  distillation. 
The  commonest  terpene  is  oil  of  turpentine  ; other 
terpenes  isomeric  with  this  are  the  volatile  or  essential 
oils  of  lemon,  orange,  citron  and  bergamot. 

Essential  oil  of  turpentine  (C10H16)  is  also 
known  as  oil  of  turpentine,  spirits  of  turpentine,  tur- 
pentine, and  turps.”  It  is  prepared  by  distillation 
from  the  crude  turpentine  or  oleo-resin,  obtained  from 
various  species  of  pine  trees ; the  volatile  oil  of  tur- 
pentine distilling  over,  common  resin  is  left  in  the 
retort. 

Camphor  (C10II16O).  — This  substance  is  a 
partially-oxidised  terpene  ; ic  is  a solid  volatile  sub- 
stance obtained  from  the  camphor  plant. 
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AMINES,  AMIDES,  AMIDO  ACIDS,  ALKALOIDS.  - 

Amines — Trimethylamine — Anilin — Amides— Urea — Uric  Acid — 
Amido  Acids — Glycocine  — Hippuric  Acid — Glycocholic  Acid 
— Sarcosine — Tyrosine  — Leucine  — Alkaloids. 

An  amine  may  be  regarded  as  ammonia,  in  which  one, 
or  TRree  atoms  ©f  hydrogen  have  been  replaced 
by  urn  xidlsed  radicles,  such  as  methyl,  ethyl,  phenyl, 
etc.;  or  it  may  be  looked  upon  as  derived  from  a 
hydrocarbon  by>replacing  an  atom  of  hydrogen  by  the 
amido  group  tfNHAT;  thus,  from  benzene  (C6HG)  we 
obtain  anilin  (C£H,1N  H2). 

A 'primary  amine  is  one  produced  by  the  displace- 
ment of  one  atom  of  hydrogen  of  the  ammonia  by  an 
alcohol  radicle  ; a secondary  amine  by  the  displace- 
ment of  two  atoms  of  hydrogen  ; a tertiary  amine  by 
the  displacement  of  all  the  hydrogen.  Thus  : — 


Primary. 

(CH3 
N-  H 
(H 

Metliylamine. 


Secondary. 

ich3 

N • CH, 

)h 

Dimethylamine. 


Tertiary. 

(CH3 
Nt  CH, 
(CH, 

Trimetliylamine. 


Very  few  of  the  amines  have,  at  present,  any  medical 
interest.  They  closely  resemble  in  their  general  pro- 
perties ammonia.  Thus,  they  have  a strong  odour 
and  alkaline  action ; they  combine  with  acids  to 
form  salts  and  give  precipitates  with  platinum 
chloride.  Their  vapours  burn  in  the  air. 

/ , cha 

Triinctliylauiiiic  ( N < CH3  1 is  a body  with  a 

V I ch3/ 

strong  fishy  odour,  and  is  contained  in  herring-brine. 
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The  amines  are  prepared  by  digesting  the  iodides 
of  the  radicles,  in  sealed  tubes,  with  alcoholic  ammonia, 
at  100°. 


nh3  + C2H5I 

Ammonia.  Ethyl  iodide. 


NH„C0H-HI 

Ethylamine 

hydriodide. 


Anilin,  or  pltenylamiiie 


On  boiling  the  hydriodide  with  caustic  potash  the 
amine  is  set  free.  " 

( CfiHA 

N H ).— This 
| H / 

important  amine  is  prepared  by  the  action  of  reducing 
agents  on  nitrobenzene  (CyH^N02)  \ this  is  generally 
carried  out  by  exposing  nitrobenzene  to  the  action  of 
iron  filings  and  acetic  acid. 


c6h5no2 

Nitrobenzene. 


+ 3H2  = 

Hydrogen. 


_ J 


aH, 


N < H + 2H20 


1 


H 

Amlin.- 


Water. 


Anilin,  when  first  prepared,  is  a colourless  liquid, 
boils  at  184-5°,  specific  gravity  1-036;  it  gradually 
assumes  a brownish  colour  on  exposure  to  air. 
Anilin  is  a powerful  base.  When  acted  upon  by 
oxidising  substances  it  furnishes  a number  of  coloured 
bodies,  well  known  as  anilin  dyes. 

Heated  with  solid  mercuric  chloride,  anilin  forms 
a dark  red  mass,  soluble  in  alcohol  to  a magenta- 
coloured  solution. 

Heated  with  chloroform,  alcohol,  and  caustic 
potash,  a body  of  extremely  disagreeable  odour  is 
produced— phenyl  isocyanide  (CcH-NC);  this  can  be 
used  as  a test  for  chloroform  or  anilin. 

An  nnii<lo  may  be  regarded  as  ammonia  in  which 
one  or  more  atoms  of  hydrogen  have  been  replaced  by 
the  acid  or  oxidised  radicles,  as  acetyl  (C2H30),  or 


V- 
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they  may  be  considered  as  acids  in  which  one  or  moie 
hydroxyl  groups  (HO)  have  been  replaced  by  amido 

groups  (NH2) ; thus,  from  acetic  acid  (jcjQQpt)  we 


have  acetamide  (|qoNjj  )’  anc^  ^rom  carbonic  acid 

(CO®,  urea  or  carbamide  They  can 

be  prepared  from  the  ammonium  salts  of  organic  acids 
by  the  abstraction  of  water  ; thus  : 

( c,h3o 

NH4C2H302  - H20  = N sH 


Ammonium  acetate.  Water.  Acetamide. 


They  are  also  obtained  by  the  action  of  ammonia  on 
acid,  chlorides  ; thus  : 

NEL  + C0H3OCI  = C2H3ONH2  + HC1 

Ammonia.  Acetyl  Acetamide.  Hydrochloric 

chloride.  acid. 

They  are  usually  neutral  bodies  combining  with  both 
bases  and  acids. 

Acetamide  is  a colourless,  crystalline  solid, melt- 
ing at  81°,  boils  at  222°.  As  usually  obtained,  it  has 
an  intolerable  odour  of  mice;  it  is  soluble  in  water 
and  alcohol. 

Carbamide  or  urea.— This  important  substance 
has  already  been  described  in  Chapter  III.  in  connec- 
tion with  the  cyanates  {see  p.  374). 

Uric  acid  (C5H(tN403),  or 

NH.CO.C.  NH 

CO<  II  >CO; 

NH C.  NH 


formerly  also  called  lithic  acid,  is  a normal  con- 
stituent of  the  urine.  Sodium  biurcite  constitutes  the 
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gouty  concretions  in  joints  known  as  chalk  stones. 
Ammonium  urate  is  the  chief  constituent  of  the  solid 
excrement  of  snakes. 

Uric  acid  can  be  prepared  from  urine  by  acidify- 
ing with  hydrochloric  acid,  when  the  uric  acid  separates 
out  in  crystals.  It  can  be  obtained  in  a purer  state 
by  boiling  boa’s  excrement  with  potash,  filtering  and 
pouring  the  filtrate  into  dilute  hydrochloric  acid,  when 
the  uric  acid  is  precipitated  as  a white  powder.  It  has 
also  been  prepared  artificially  by  heating  glycol  with 
urea.  It  is  not  a true  acid,  as  it  does  not  contain  the 
oxatyl  group,  but  it  acts  like  a weak  dibasic  acid.  It 
is  almost  insoluble  in  water.  The  acid  is  soluble  in 
caustic  potash  and  caustic  soda.  It  is  closely  related 
to  the  alkaloids,  theobromine  and  theine. 

Test.— If  a few  drops  of  strong  nitric  acid  be 
added  to  some  solid  uric  acid  in  a dish,  and  heat  gently 
applied  until  all  the  nitric  acid  be  driven  off,  a'r eddish 
coloured  residue  (alloxan)  will  be  left.  If,  when  the 
dish  is  cold,  a few  drops  of  solution  of  ammonia  are 
added  to  this,  a beautiful  crimson  purple  colour  is 
developed,  due  to  the  production  of  murexid  by  the 
action  of  the  ammonia  on  alloxan.  This  test  for  uric 
acid  is,  on  this  account,  known  as  the  murexid  test. 


Amido  Acids. 

The  amido  acids  are  acids  in  which  the  hydrogen 
or  hydroxyl  of  the  acid  has  been  replaced  by  the  amido 

«CH 
COOH  ) 

we  have  gly cocoll  (|qq5j^3)>  from  oxalic  acid 

({cOOh)  we  have  oxamic  acid  ({cOOH2} 

Glycocine,  glycine,  glycocoll,  or  ainido- 


acctic  acid 


( { — ^is  body  may  be 


chap,  x.]  Hippuric  Acid,  Sarcosine . 


463 


obtained  by  the  action  ot  ammonia  on  chloracetic 
acid. 


( CHo.Cl 
ICOOH 

Chloracetic 

acid. 


+ NHo  = 


Ammonia. 


CH2(NH3) 

COOH 

Amidoacetic 

acid. 


+ HC1 

Hydro- 
chloric acid. 


Glycocine  enters  into  the  composition  of  hippuric 
acid  and  of  glycocholic  acid,  one  of  the  bile  acids.  It 
is  a solid  crystalline  substance  with  a sweetish  taste, 
soluble  in  water. 


Hippuric  acid 


/(CH2(NH.C7H60x 
VI  COHO  ) 


is  benz- 


amidoacetic  acid,  and  is  resolved  by  boiling  with  strong 
hydrochloric  acid  into  benzoic  acid  and  glycocine  ( see 
benzoic  acid,  page  455).  It  can  be  prepared  from 
cows’  and  horses’  urine  by  boiling  with  lime,  filtering 
and  pouring  the  filtrate  into  hydrochloric  acid. 

Glycocholic  acid,  present  as  sodium  glyco- 
cholate  in  bile,  is  a compound  of  glycocine  and  cholic 
acid  ; by  boiling  glycocholic  acid  with  hydrochloric 
acid  it  splits  up  into  glycocine  and  cholic  acid. 
Sarcosine  or  methyl-  / ( CH3(NH.CH3)\ 
glycocine  V ( COOH  /' 

This  body  is  glycocine,  from  which  one  atom  of 
hydrogen  of  the  amidogen  has  been  displaced  by 
methyl.  - Since  glycocine  is  prepared  by  acting  on 
chloracetic  acid  with  ammonia,  so  sarcosine  may  be 
made  by  acting  011  chloracetic  acid  with  methylamine, 
that  is,  with  ammonia  from  which  one  atom  of  hydro- 
gen has  been  displaced  by  methyl. 


CCH.Cl 

ICOOH 

Chloracetic 

acid. 


+ NH2.CH3  = 

Methylamine. 


fCHa(NH.CH,) 
ICOOH  + 

Sarcosine. 


HC1 

Hydrochloric  acid. 
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Sarcosine  is  not  met  with  in  the  animal  body,  but 
is  a product  of  the  decomposition  of  creatine. 

Tyrosine  (C9HnN08). — This  body  consists  of 
amido-propionic  acid  from  which  one  atom  of  hydrogen 
of  the  amidogen  lias  been  displaced  by  the  radicle 
hydroxyphenyl  (C6H4HO). 


|C2H4(NH2.)  rC2H4(NH.C6H4HO) 
ICOOH  ICOOH 

Amido-propionic  Tyrosine, 

acid. 


Tyrosine  is  occasionally  found  in  the  urine  together 
with  leucine  in  connection  with  certain  diseases  of  the 


liver  ; they  are  also  both  found  among  the  products  of 
pancreatic  digestion. 

IiCticinc  or  amido 


cnproic  acid 


(! 


C6H,„(NH, 

COOH 


>>- 


This 


Of  C H \ 

cook)’  *rom  ^ie 


molecule  of  which  one  atom  of  hydrogen  has  been 
displaced  by  amidogen.  It  is  obtained  by  the  action 
of  ammonia  on  bromo-caproic  acid. 


< C5H10.Br 

ICOOH 

Bromo-caproic 

acid. 


+ nhs 

Ammonia. 


|O5H10(NH3) 

(COOH 

Leucine. 


+ HBr 

Hydrobromic 

acid 


Leucine  is  occasionally  found  in  the  urine  in  con- 
nection with  certain  diseases  of  the  liver ; it  is  one  of 
the  antecedents  of  urea. 


These  bodies  are  organic  bases,  resembling  the 
alkalies  in  their  properties  of  turning  red  litmus  paper 
blue,  and  of  uniting  with  acids  to  form  salts ; hence 
the  derivation  of  the  name  “alkaloid,'’  from  alkali , 
and  eldog,  likeness.  All  alkaloids  contain  nitrogen, 
and  are,  in  fact,  derivatives  of  ammonia,  the  hydrogen 
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of  which  has  been  partially  or  entirely  displaced  by 
'various  radicles.  Alkaloids  unite  with  acids  to  form 
crystalline  salts. 

Most  of  the  alkaloids  are  solid,  crystalline,  and 
non-volatile.  Two,  conine  and  nicotine,  which  contain 
no  oxygen,  are  volatile  liquids.  A few  have  been  pre- 
pared sjmthetically,  as  muscarin,  conine,  theobromine, 
and  thein,  but  the  constitution  of  the  majority  of  the 
alkaloids  is  unknown. 

Some  are  believed  to  be  derivatives  of  pyridine, 
a liquid  found  in  coal  tar  and  in  bone  oil.  Its  con- 
stitution may  be  considered  as  benzene,  in  which  one 
of  the  CH  groups  is  replaced  by  nitrogen. 

H 

« I 

-C.  , C. 

H H 

Pyridine. 

Some,  as  the  quinine  alkaloids,  are  closely  con 
nected  with  quinolin,  an  oil  also  found  in  coal  tar  and 
bone  oil,  which  may  be  looked  upon  as  two  benzene 
rings,  having  two  carbon  atoms  in  common,  in  which 
one  CIT  group  has  been  replaced  by  one  atom  of 
nitrogen. 

rf  H 

H"CXC/  C\n^C"H 

I 

H 

E E 


Quinolin. 
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Miiscarin  (C5H15N03)  is  the  alkaloid  contained 
in  the  poisonous  mushroom,  the  Jly  agaric.  It  is  also 
formed  under  certain  conditions  in  putrefying  animal 
tissues,  so  that  it  may  be  classed  as  an  animal  alkaloid, 
or  'ptomaine.  It  has  been  prepared  artificially  from 
cholin  by  the  action  of  nitric  acid.  Cholin  ma}^  be 
considered  as  ammonium  hydrate  (NH4HO),  in  which 
three  atoms  of  hydrogen  are  replaced  by  three  methyl 
(CH3)  groups,  and  the  fourth  by  hydroxy  ethyl 
(CoHtHO).  Thus,  the  constitutional  formula  of  cholin 
is  N(CH3)3(C2H4HO)HO.  .By  the  action  of  nitric 
acid  the  hydroxyethyl  is  converted  into  dihydroxy- 
ethyl  (C0H3(HO)n),  so  that  the  formula  of  muscarin 
is  N(CH3)3(C2H3(HO)2)HO. 

«Jonine  (C8H17N)  is  contained  in  the  seeds  of  the 
hemlock,  from  which  it  can  be  obtained  by  distillation 
with  caustic  soda ; it  is  a colourless  oil,  boiling  at  167° 
and  readily  soluble  in  water.  It  has  been  prepared 
artificially  and  shown  to  be  a propyl  (C3H7)  derivative 
of  piperidine  (a  substance  occurring  in  pepper),  and 
to  have  the  constitution — 


H-c  C^H 

H/  ^C3Hj 

H 

Couine. 


Theobromine  (C7H8NtO,),  thein,  or  eaffein 

(C8H10"N"4P2). — These  alkaloids  can  be  prepared  from 
uric  acid,  the  constitution  of  which  was  given  in  the 
previous  chapter  (page  40 1).  Theobromine  is  the 
essential  alkaloid  in  cocoa.  Thein  and  cafiein  (which 
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seem  to  be  identical)  are  found  in  tea  and  coffee. 
If  uric  acid  be  treated  with  sodium  amalgam,  one 
atom  of  oxygen  is  replaced  by  an  atom  of  hydrogen 
and  an  atom  of  hydrogen  is  removed,  a new 
substance,  xanthin,  being-  formed. 

c5h,n4o3  + h:!  = H20  + c5h4na 

Uric  acid.  Water.  Xanthin. 

By  subjecting  xanthin  to  a well-known  process,  two 
atoms  of  hydrogen  are  replaced  by  two  methyl  (CH3) 
groups,  and  we  have  dimethylxanthin  or  theobromine 
(C5H3(CH3)2N4Oo)  ; by  repeating  the  process  another 
hydrogen  is  similarly  replaced  and  trimethylxanthin 
or  thein  (C5H(CH3)3N402)  is  formed. 

Alkaloids  whose  constitution  is,  at  present,  unknown. 

Morphine  or  morphia  (C17H19N03,  H20). — 
This  alkaloid  exists  in  opium  in  combination  with 
meconic  acid  as  meconate  of  morphine ; a fair  sample 
of  opium  contains  from  8 to  12  per  cent,  of  mor- 
phine. It  is  extracted  by  the  following  process  : 

(i)  The  opium  is  macerated  in  water  and  ex- 
hausted by  percolation,  by  which  means  an  aqueous 
extract  of  the  meconate  of  morphine  is  obtained. 

(ii)  To  this  aqueous  extract  calcium  chloride  is 
added,  when  the  meconic  acid  is  precipitated  as 
calcium  meconate,  the  soluble  hydrochlorate  of  mor- 
phine remaining  in  solution. 

(iii)  The  liquid  is  filtered,  and  the  filtrate,  con- 
taining the  hydrochlorate  of  morphine,  is  decolorised 
by  boiling  with  animal  charcoal. 

(iv)  The  liquid  is  filtered  from  the  animal  char- 
coal, and  evaporated  to  a low  bulk ; it  is  then  set 
aside  to  cool,  when  it  deposits  crystals  of  the  hydro- 
chlorate of  morphine. 

(v)  To  obtain  the  free  alkaloid,  solution  of  am- 
monia is  added  to  a strong  aqueous  solution  of  the 
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hydrochlorate,  when  the  morphine  is  thrown  down 
as  a white  precipitate,  the  ammonia  uniting  with  the 
hydrochloric  acid. 

Morphine  liydrochlorate  or  li yd roclil orate 
of  morphia  (C17H19N03,  HC1). — This  compound  is 
prepared  in  the  process  just  described. 

Morphine  acetate  or  acetate  of  morphia 

(C17H19N03,  C2H40„). — This  compound  is  prepared  by 
dissolving  the  free  alkaloid  (precipitated  by  ammonia 
from  the  hydrochlorate)  in  acetic  acid.  Morphine 
acetate  is  the  salt  generally  employed  for  hypodermic 
injection. 

Tests  for  morphine.— ^T)  Ferric  chloride  gives, 
with  a neutral  solution  of  a morphine  salt,  a dingy 
blue  colour.  In  the  cases  of  the  acetate  and 
meconate  of  morphine,  this  blue  colour  is  more  or  less 
\ neutralised  by  the  production  of  the  red  colour  that 
ferric  chloride  gives  with  an  acetate  and  meconate. 

(ii)  Strong  nitric  acid  gives  an  orange-red  colour 
with  morphine  and  its  salts;  this  colour  can  also  be 
obtained  by  the  addition  of  sufficient  nitric  acid  to 
a strong  solution  of  a morphine  salt. 

(iii)  Sulpliomolybdic  acid  (made  by  warming 
strong  H2S04  with  a little  solid  Am0Mo04),  rubbed 
with  morphine  or  any  of  its  salts  in  the  solid  state, 
gives  a dark  crimson  colour,  changing  after  a short 
time  to  a sapphire  blue ; this  constitutes  a very 
delicate  test  for  morphine. 

Detection  of  opium. — Apart  from  its  charac- 
teristic smell,  analytical  evidence  of  the  presence  of 
opium  is  gained  by  obtaining  the  reactions  for  mor- 
phine (as  detailed  above)  and  for  meconic  acid.  The 
reaction  for  meconic  acid  is  that  it  gives  a blood-red 
colour  with  ferric  chloride,  which  colour  is  not  dis- 
charged either  by  the  addition  of  hydrochloric  acid 
or  of  solution  of  mercuric  chloride ; hence  distin- 
guishing it  from  similar  red  colours  given  by  ferric 
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chloride  with  acetates  and  sulphocyanides  {see  pages 
372,  434). 

Apomorphiiie  (C17H17N03). — The  molecule  of 
this  body  differs  from  that  of  morphine  by  containing 
one  molecule  of  water  less.  It  is  prepared  by  heating 
morphine  with  strong  hydrochloric  acid,  when  the 
elements  of  water  are  withdrawn  from  the  morphine, 
and  the  hydrochlorate  of  apomorphine  remains.  This 
alkaloid  possesses  entirely  different  physiological  pro- 
perties to  those  of  morphine  ; it  is  a very  powerful 
and  rapid  emetic,  and  has  none  of  the  narcotic  pro- 
perties of  morphine  and  its  salts. 

Codeine  (C18H21N03,  H30). — This  is  one  of  the 
alkaloids  of  opium  ; it  is  closely  related  to  morphine, 
being  methyl-morphine  ; that  is,  it  consists  of  mor- 
phine, from  the  molecule  of  which  one  atom  of  hydro- 
gen has  been  displaced  by  the  radicle  methyl,  as 
shown  in  the  following  formulae  : 

Morphine — C^HigNOs,  H20 

Codeine  or  methyl-morphine- -CnHl8(CH3)N03,  H20. 

Quinine  or  qaiinia  (C20H21N3O?,  3H20).— This, 
together  with  other  alkaloids,  exists  in  the  different 
cinchona  barks  in  combination  with  kinic  acid.  It  is 
extracted  by  the  following  process  : 

(i)  The  powdered  cinchona  bark  is  exhausted  by 
percolation  with  water  acidulated  with  hydrochloric 
acid,  by  which  means  the  quinine  is  removed  in  solu- 
tion as  hydrochlorate  of  quinine. 

(ii)  The  solution  is  decolorised  by  means  of 
animal  charcoal. 

(iii)  The  quinine  is  precipitated  from  the  solu- 
tion of  the  hydrochlorate  by  the  addition  of  caustic 
soda,  which  sets  free  the  quinine  as  a white  precipi- 
tate, by  uniting  with  the  hydrochloric  acid  to  form 
sodium  chloride. 
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Sulphate  of  qwmlne.  — This  is  the  form  in 
which  quinine  is  generally  employed  in  medicine  ; it 
is  made  by  dissolving  the  precipitated  quinine  in  dilute 
sulphuric  acid.  The  commercial  sulphate  of  quinine, 
or  disulphate  of  quinine,  as  it  is  sometimes  called,  has 
the  composition  (C20H24N2O2)2,  H2S04  ; it  is  only 
slightly  soluble  in  water,  but  may  be  readily  dissolved 
by  the  addition  of  a little  dilute  sulphuric  acid,  which 
forms  the  so-called  neutral  or  soluble  sulphate 

(C20H24N2O2,  h2so4). 

Tests  for  quinine. — Q If  to  a solution  of  a 
quinine  salt  some  chlorine  water  and  then  solution 
of  ammonia  be  added,  a green  colour  will  be  pro- 
duced. 

If  the  above-mentioned  test  be  repeated, 
adding  some  potassium  ferrocyanide  solution  before 
the  addition  of  the  ammonia,  a red  colour  will  be 
produced. 

Cinchonine,  cinchonidine,  and  quinicline  are  alka- 
loids also  present  in  cinchona  barks. 

Strychnine  or  strychnia  (C21H22lSr202). — This 
alkaloid  exists  in^nux  vomica  seeds  in  combination 
with  i gas  uric  acid  as  strychnine  igasa rate ; another 
alkaloid,  brucine  or  brucia , is  also  present  in  the  seeds 
as  brucine  igasurate. 

Strychnine  is  extracted  by  the  following  process  : 

(i)  The  crushed  seeds  are  exhausted  by  macera- 
tion and  percolation  with  rectified  spirit,  and  from  the 
tincture  so  obtained  the  spirit  is  recovered  by  dis- 
tillation. 

(ii)  The  soft  extract  left  after  the  recovery  of  tho 
spirit  is  mixed  with  water,  to  precipitate  resinous 
matters,  and  acetate  of  lead  added  to  throw  down 
colouring  matter  and  igasurate  of  lead,  acetate  of 
strychnine  being  left  in  solution. 

' (iii)  The  liquid  is  filtered  from  precipitated 
matters,  and  the  filtrate  is  concentrated  by  evapora- 
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tion  ; on  the  addition  of  ammonia,  strychnine  is  pre- 
cipitated, together  with  brucine. 

(iv)  To  separate  the  brucine  from  the  strychnine 
the  precipitate  is  dissolved  in  alcohol,  and  the  solution 
's  evaporated  to  a low  bulk  ; on  setting  it  aside  to  cool 
the  strychnine  crystallises  out,  leaving  the  more 
soluble  brucine  in  solution  in  the  mother  liquid. 

Test  lor  strychnine. — If  a little  strong 
sulphuric  acid  be  added  to  a fragment  of  strychnine 
placed  on  a white  porcelain  dish  or  plate,  and  the 
mixture  be  touched  with  a glass  rod  dipped  in  a 
solution  of  potassium  bichromate  in  strong  sulphuric 
acid  (made  by  adding  a crystal  or  two  of  the  bichromate 
to  a few  drops  of  sulphuric  acid),  a beautiful  dark 
purple  or  violet  colour  will  be  developed,  fading  after 
a short  time  to  a pale  red  colour. 

Brucine  or  brucia  (C33H26No04). — The  sepa- 
ration of  this  alkaloid  from  strychnine  has  been 
described  in  the  process  just  given. 

Test  for  brucine. — Strong  nitric  acid  gives  a 
bright  blood-red  colour  with  brucine  and  its  salts. 

Barer  alkaloids. — Aconitine,  atropine,  cocaine, 
hyoscyamine,  veratrine,  etc.,  are  prepared  by  separate 
processes,  for  a description  of  which  the  student  is  re- 
ferred to  the  British  Pharmacopoeia(1885).  These  rarer 
alkaloids  are  not,  however,  always  prepared  by  the 
lengthy  official  processes  of  the  B.  P.  ; they  may  be 
obtained  by  the  following  general  method  : 

General  process  for  the  extraction  ot 
alkaloids. — (i)  The  crushed  roots,  bark,  leaves, 
fruits,  or  seeds  are  exhausted  by  maceration  and 
percolation  with  alcohol  containing  tartaric  acid ; 
tartrates  of  the  alkaloids  being  soluble  in  alcohol. 

(ii)  The  alcohol  is  recovered  by  distillation,  and 
the  soft  extract  left  is  mixed  with  water  to  precipitate 
resinous  matters. 

(iii)  The  liquid  is  filtered  from  precipitated 
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resinous  matters,  and  the  alkaloid  precipitated  by  the 
addition  of  sodium  carbonate. 

(iv)  The  precipitated  alkaloid  is  purified  by  solu- 
tion in,  and  crystallisation  from,  a suitable  solvent, 
such  as  ether,  chloroform,  or  alcohol.  If  necessary, 
colouring  matter  is  removed  from  the  alkaloid  by 
means  of  animal  charcoal. 

Liquid  volatile  alkaloids. — Conine  (con- 
tained in  the  conium  or  hemlock  plant),  nicotine 
(contained  in  tobacco),  and  pilocarpine  (contained  in 
jaborandi  leaves)  are  liquid  volatile  alkaloids  ; they 
may  all  be  prepared  by  distilling  the  part  of  the 
plant  containing  the  alkaloid  with  a dilute  solution 
of  caustic  potash,  when  the  alkaloid  is  set  free,  and 
being  volatile  distils  over. 


PTOMAINES  OR  ANIMAL  ALKALOIDS. 

Ptomaines  are  alkaloids  produced  by  the  decom- 
position of  animal  substances.  The  word  'ptomaine, 
which  is  derived  from  irrCbpa,  a corpse,  and  inus, 
belonging  to,  was  at  first  restricted  to  alkaloids 
produced  by  cadaveric  decomposition ; it  is  now  also 
employed  to  designate  alkaloids  of  animal  origin 
formed  during  life  as  the  result  of  chemical  changes 
induced  by  some  agency  or  other  acting  within  the 
organism. 

At  the  beginning  of  this  century  the  formation  of 
alkaloids  by  plants  was  clearly  established  ; but  until 
1872  the  power  of  producing  alkaloids  was  believed 
to  be  restricted  to  plants,  and  not  to  be  shared  by 
animal  organisms.  Gautier,  as  the  result  of  his 
researches  on  putrefying  albuminous  substances,  was 
the  first  to  clearly  establish  the  fact  that  plants 
possess  no  monopoly  of  producing  alkaloids,  but  that 
this  productive  power  is  equally  shared  by  animal 
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substances.  The  various  forms  of  albumen  are  the 
common  ancestors  of  alkaloids,  whether  animal  or 
vegetable ; and  it  is  by  various  changes  in  the 
albumen  molecule  that  animal  alkaloids  are  pro- 
duced. 
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GLUCOSIDES — RARER  ORGANIC  COMPOUNDS  USED 

IN  MEDICINE. 

Amygdalin— Cathartic  Acid— Colocynthin— Digitalin— Indican - 
Jalapin— Myicnic  Acid— Salicin  — Santonin— A ntifebrine  - 
Antipyrine — Benzosol — Guaiacol — Hypnone  — Ichthyol  Iodol 
—Naphthalene  —Naphthol  —Phenacetin  —Saccharine— Salol 
— Sulphonal— Urethane. 

GLUCOSIDES. 

These  are  certain  organic  substances  (nitrogenous  or 
non-nitrogenous)  derived  from  plants,  and  splitting 
up,  when  boiled  with  dilute  sulphuric  acid,  or  under 
the  influence  of  a ferment,  into  glucose  and  some  other 
substance  or  substances. 

Amygdalin  (C20H27NOn).  — This  is  a white  crys- 
talline substance  present  in  bitter  almond  seeds,  cherry 
laurel  leaves,  and  the  kernels  of  peaches,  cherries,  etc. 
Amygdalin  is  resolved,  by  boiling  with  dilute  sulphuric 
acid,  into  essential  oil  of  bitter  almonds  (benzoic  alde- 
hyde), hydrocyanic  acid,  and  glucose.  the  same 
change  is  also  produced  by  the  action  of  a ferment 
named  emulsin  or  synaptase , which  is  present,  together 
with  amygdalin,  in  bitter  almond  seeds,  cherry  laurel 
leaves,  and  the  kernels  of  peaches,  cherries,  etc. 
This  ferment  is  unable  to  act  upon  the  amygdalin 
unless  dissolved  in  water. 


C2oH27NOh 

Amygdalin. 


+ 2H,,0  = C,H60  + HCN  + 2G„H1306 

Water.  Essential  Hydrocyanic  Glucose, 
oil  of  acid, 

bitter  almonds. 


Cathartic  acid. — This  very  complex  glucoside 
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exists  in  senna  leaves,  of  which  it  is  the  active  pur- 
gative principle ; it  is  decomposed  by  boiling  with 
dilute  sulphuric  acid  into  glucose  and  a substance 
named  cathartogenic  acid. 

ColocyntliEii  (C56H84023). — This  substance  is  the 
active  purgative  principle  of  colocynth  pulp ; it  is 
decomposed  by  boiling  with  dilute  sulphuric  acid  into 
glucose  and  a resinous  substance. 

Digitalm  (C27H45015). — This  glucoside  is  the 
active  principle  of  digitalis  leaves ; by  boiling  with 
dilute  sulphuric  acid,  it  is  decomposed  into  glucose, 
and  a substance  named  digitaliretin. 

Indicmi  (C26H31N017)  V)  occurs  in  the  Indigofera , 
in  woad  and  other  plants  ; it  is  obtained  as  a yellowish 
bitter  syrup.  By  boiling  with  dilute  acids  it  is  decom- 
posed into  indigo  and  a sugar  (indiglucin).  The  name 
has  also  been  erroneously  applied  to  the  substance, 
present  in  the  urine,  which  produces  indigo  blue  on 
standing  ; the  substance  in  the  urine  is  not  a glucoside, 
but  is  potassium  indoxyl  sulphate  (K(C8H6N)S04). 

Jain  pin  (C34H56016). — This  substance  is  the 
active  purgative  principle  of  jalap  root ; it  is  decom- 
posed by  boiling  with  dilute  sulphuric  acid,  into  glucose 
and  a substance  named  jalapinol. 

Ulyronic  acid  (C10H19NS2O10). — This  acid  exists 
as  a potassium  salt  in  black  mustard  seeds  ; the  salt 
is  decomposed  by  boiling  with  dilute  sulphuric  acid, 
and  also  by  the  action  of  a ferment  myrosin , likewise 
contained  in  black  mustard  seeds,  into  volatile  oil  of 
mustard  (allyl  sulphocyanate),  glucose,  and  potassium 
acid  sulphate. 

KC10H18NS2O]0  = C.JB.  CNS  + CgH]006  + KHSO, 

Potassium2  ] ) 3 Allyl  Glucose.  6 Potassium4 

myronate.  sulphocyanate.  acid  sulphate. 

Salicin  (018H1807). — This  is  a crystalline  bitter 
principle  contained  in  the  leaves  and  bark  of  the 


476 


Che  mis  tr  y. 


[Part  IV. 


willow  ) it  is  resolved  by  boiling  with  dilute  sulphuric 
acid  into  glucose  and  a substance  named  saligenin. 

^13^-18^7  ^20  = ^6^-l2^6  + 617Hg02 

Salicin.  Water.  Glucose.  Saligenin. 

Santonin  (C15H1803). — This  glucoside  is  the 
active  principle  of  santonica. 


Rarer  Organic  Substances  used  in  Medicine. 

Acetanilide  (!SrH.C6H5,C3H30),  also  known  as 
anti/ebrin  and  phenylacetamicle , may  be  regarded  as 
acetamide  (NH2C2H30),  in  which  one  atom  of  hydro- 
gen has  been  replaced  by  the  radicle  phenyl  (C6H5) ; 
it  is  obtained  by  the  prolonged  action  of  glacial  acetic 
acid  on  pure  anilin. 

nh2  c6h5  + hc2h3o2  = nhc6h5c,h3o  + h2o 

Anilin.  Acetic  acid.  Acetanilide.  Water. 


It  forms  colourless,  odourless  crystals,  with  a 
greasy  feel  and  faint  burning  taste,  not  very  soluble 
in  cold  water,  but  soluble  in  alcohol,  ether,  and 
chloroform.  Used  as  an  antipyretic. 


Antipyrin 


(o6h6n{! 


r H xr,  CO.CH 
^e^lNCHg.CCHg 


s) 


known  in 


the  B.  P.  as  phenazone,  a somewhat  complex  benzene 
derivative  prepared  by  the  interaction  of  phenyl  hydra- 
zine ^ and  acetoacetic  ethei 

and  subsequent  methylation  of  the  product.  It  is  a 
colourless,  odourless,  crystalline  substance,  melting  at 
110°,  readily  soluble  in  water,  alcohol,  and  chloro- 
form. Used  as  an  antipyretic. 

Benzosol  (CgH4.0(CH3).G(C7H50)  is  benzoyl- 
guciiacol  ( see  below),  that  is,  one  of  the  H atoms 
in  guaiacol  (CGH4.OCH3.OH)  has  been  replaced  by 
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the  acid  radicle  benzoyl  (C7H50).  It  is  a colourless, 
crystalline  powder,  melts  at  59°,  insoluble  in  water, 
soluble  in  ether  and  in  chloroform.  Used  in  cases  of 
phthisis. 

Guaiacol  (C6H4.OH.O(CH3)),  methyl  catechol 
(se£  prepared  from  beech  wood  tar  creosote, 

is  a coloured  liquid  of  an  agreeable  odour  ; sp.  gr. 
IT  33  ; readily  soluble  in  alcohol  and  ether.  Used 
in  phthisis. 

Hypnoiie. — This  body  is  phenyl-methyl-ketone ; 
that  is,  it  consists  of  CO  in  union  with  the  phenyl 
and  methyl  radicles  ; thus  : — 

C6H5-CO-CH3 

Ilypnone. 

It  is  obtained,  by  distillation,  from  a mixture  of  ben- 
zoate of  calcium  and  acetate  of  calcium.  At  ordinary 
temperatures  it  is  a colourless  oily  liquid,  but  below 
14°  it  crystallises  in  white  needles.  It  is  insoluble 
in  water,  but  soluble  in  alcohol. 

IcBilliyol  ((NH^CogHggSgOg). — This  substance 
is  an  ammonium  salt  of  sulpho-ichthyolic  acid.  It  is 
obtained  by  treating  the  products  of  distillation  of  a 
bituminous  quartz  with  sulphuric  acid,  and  neutralis- 
ing the  sulpho-ichthyolic  acid  so  produced  with  am- 
monia. The  strata  from  which  the  bituminous  quartz 
is  obtained  contain  the  remains  of  fishes  and  other 
animals,  and  the  deposit  probably  consists  of  their 
decomposed  and  altered  remains. 

Iodol.  — This  substance  is  tetra-iodo-pyrrol 
(C4HI4N) ; that  is,  it  is  pyrrol  (C4HBN)  from  the 
molecule  of  which  four  atoms  of  hydrogen  have  been 
displaced  by  four  atoms  of  iodine. 

It  is  obtained  by  the  action  of  iodine  on  pyrrol, 
which  is  an  oily  liquid  contained  in  bone-oil,  produced 
by  the  dry  or  destructive  distillation  of  bones. 
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Iodol  is  a brownish-white  powder,  insoluble  in 
water,  but  soluble  in  glycerin,  alcohol,  ether,  and 
chloroform.  It  is  used  as  an  antiseptic. 

Naphthalene  (C10H8) . — This  is  a hydrocarbon, 
obtained  as  a bye-product  in  the  preparation  of  coal 
gas  ; it  may  be  regarded  as  two  benzene  rings  having 
two  carbon  atoms  in  common. 


C 


c. 


H 

I 

X 


c 


H 


H 


Naphthalene. 


It  occurs  in  white,  shining,  crystalline  plates,  in- 
soluble in  water,  but  soluble  in  alcohol  and  ether. 
It  is  an  antiseptic. 

/3-Naphthol  (C1(JH7.HO). — Two  isomeric  modifi- 
cations, a-naphthol  and  /3-naphthol,  exist;  they  are 
derivatives  of  naphthalene,  from  the  molecule  of 
which  one  atom  of  hydrogen  is  displaced  by  hydroxyl. 
Naphthol  occurs  in  white  shining  crystals,  sparingly 
soluble  in  water,  but  soluble  in  alcohol  and  ether ; it 
is  a powerful  antiseptic. 

Phenacetinc  (C6H4.OC2H!VNH.CH3CO).  — A 
derivative  of  nitrophenol  (C6H4.N02.0H),  crystallises 
in  colourless,  tasteless,  glistening  scales,  melting  at 
135°,  not  very  soluble  in  water.  An  antipyretic. 


Saccharin 


benzoyl  sulphonic 


imicle. — An  imide  may  be  regarded  as  NH3,  in  which 
•;wo  atoms  of  hydrogen  have  been  replaced  by  a 
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divalent  acid  radicle.  Sulphobenzoic  acid  is  benzoic 
acid  (q^oh)  *n  one  the  hydrogen  atoms  in 

the  phenyl  group  is  replaced  by  the  radicle  (S020I4). 

^6-^4 1 COO  IT  ’ ^ie  imicle  formed  by  replacing 
two  atoms  of  hydrogen  in  ammonia  by  the  divalent 
group  ^C6H4|^Q“y  It  is  obtained  by  a complicated 

series  of  processes  from  toluene  and  methylbenzene 
(^6-^5* ^£[3).  It  Is  a white,  intensely  sweet  powder, 
slightly  soluble  in  water,  more  soluble  in  alcohol. 


Salol 


(cOO^Cm  ))’  VhemJl  salicylate. — It  is 


a 


white  crystalline  substance,  insoluble  in  water,  but 
soluble  in  alcohol ; it  possesses  antiseptic  and  anti- 
pyretic properties. 

SiilphonaJ. — This  body  is  a derivative  of  meth- 
ane (CH4),  from  the  molecule  of  which  two  atoms  of 
hydrogen  are  displaced  by  two  equivalents  of  methyl 
(CH3),  and  the  other  two  atoms  by  two  equivalents  of 
the  ethyl  sulphonic  group  (C2H5.S02) ; the  constitu- 
tion of  sulphonal  is  therefore  diethylsulphondimethyl 
methane ; thus  : 


CH3\  J S02.C2TIb 


c 

CH  3/  \S02.C2H6 

Sulphonal. 


It  is  produced  by  the  oxidation  of  a mixture  of 
ethyl-mercaptan  and  acetone.  It  occurs  in  white 
tabular  crystals,  tasteless  and  odourless,  slightly 
soluble  in  water,  and  freely  soluble  in  alcohol  and 
ether.  It  is  a hypnotic. 


480 


Chemistry . 


[Part  IV. 


Uretliane  ^Co|q^|j  — This  substance  is 

V-  2 5 

ethyl  carbamate,  carbamic  acid  being  the  substance 
intermediate  between  carbonic  acid  (Co|qjj)  and 

urea  ^ occurs  in  colourless  crystals, 

readily  soluble  in  water.  It  is  a hypnotic. 


481 


$art  V* 

CHEMIOAIj  PROBLEMS— WEIGHTS  AND 
MEASURES- ANALYSIS  OF  A SIMPLE 
SALT  — PREPARATION  OF  TYPICAL 
SALTS,  ETC.  


CHEMICAL  PROBLEMS. 


In  this  section  of  the  book,  illustrations  will  be  given 
of  the  modes  of  working  out  the  various  chemical 
problems,  which  for  the  sake  of  convenience  will  be 
arranged  in  three  groups,  viz.  -.-Group  I.  Chemical 
problems  involving  weight  calculations  only..  Group 
II  Chemical  problems  involving  both  weight  and 
volume  calculations.  Group  III.  Chemical  problems 
involving  volume  calculations  only. 

Group  I.— Chemical  Problems  involving  Weight 
Calculations  only. 


1.  How  many  pounds  of  oxygen  can 
be  obtained  front  100  lbs.  of  potassium 
chlorate ! 

The  equation  representing  the  effect  or  heat  upon 
potassium  chlorate  shows  that  all  the  oxygen  is 
evolved.  _ _ 

KCIO3  = KC1  + 30 

The  molecular  weight  of  potassium  chlorate  is  next 


calculated. 


K =39 

Cl  = 35-5 

03  = 16  X 3 = 48 


P P 


122-5 
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From  this  it  is  evident  that  122*5  parts  by  weight 
of  potassium  chlorate  contain  48  parts  by  weight  of 
oxygen,  aiad  since  all  the  oxygen  is  evolved  by  heat, 
therefore  122*5  parts  by  weight  of  potassium  chlorate 
will  evolve  48  parts  by  weight  of  oxygen,  and  there- 
fore 122*5  lbs.  of  potassium  chlorate  will  evolve  48  lbs. 
of  oxygeu.  If  48  lbs.  of  oxygen  can  be  obtained  from 
122*5  lbs.  of  potassium  chlorate,  how  many  lbs.  of 
oxygen  can  be  obtained  from  100  lbs.  of  potassium 
chlorate  ? 

122*5  : 100  : : 48  : x 

x ~ 39*18,  the  number  of  lbs.  of  oxygen  that  can  be  obtained 
from  100  lbs.  of  potassium  chlorate. 

2.  flow  many  grammes  of  carbon  di- 
oxide are  evolved  by  heating  120  grammes 
of  calcium  carbonate? 

The  equation  representing  the  effect  of  heat  upon 
calcium  carbonate  shows  that  one  molecule  of  calcium 
carbonate  evolves  one  molecule  of  carbon  dioxide. 


CaC03  = CaO  -f  C02 

The  molecular  weights  of  these  two  bodies  are 
next  calculated. 

Ca  = 40 

C = 12 

03  = 16  X 3 = 48 

100 

From  these  weights  it  is  evident  that  100  parts  by 
weight  of  calcium  carbonate  evolve  44  parts  by  weight 


C =12 

02  = 16  x 2 = 32 

44 
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of  carbon  dioxide,  and  therefore  44  grammes  of  carbon 
dioxide  are  obtainable  from  100  grammes  of  calcium 
carbonate.  Therefore,  how  many  grammes  of  carbon 
dioxide  will  be  evolved  from  120  grammes  of  calcium 
carbonate  1 

100  : 120  : : 44  : x 

; = 52  80,  the  number  of  grammes  of  carbon  dioxide  evolved 
by  heating  120  grammes  of  calcium  carbonate. 

3.  How  many  grains  of  sulphur  dioxide 
are  evolved  by  the  action  of  150  grains  ol 
sulphuric  acid  on  copper? 

The  equation  representing  the  action  of  sulphuric 
acid  on  copper  shows  that  one  molecule  of  sulphur 
dioxide  is  evolved  from  two  molecules  of  the  acid. 

Cu  + 2H2S04  = CuS04  4-  S02  + 2H20 

Twice  the  molecular  weight  of  sulphuric  acid  and 
the  molecular  weight  of  sulphur  dioxide  are  next 
calculated. 

H0 
S 
04 


2H2S04  = 98  x 2 = 196 


= 1x2=  2 

= 32 

= 16  x 4 = 64 
98 


S 


= 32 


09  = 16  x 2 = 32 


64 


From  these  weights  it  is  evident  that  64  parts  by 
weight  of  sulphur  dioxide  are  evolved  from  196  parts 
by  weight  of  sulphuric  acid,  by  the  action  of  that  acid 
on  copper,  and  therefore  64  grains  of  sulphur  dioxide 
are  evolved  from  196  grains  of  sulphuric  acid.  There- 
fore, how  many  grains  of  sulphur  dioxide  will  be 
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evolved  from  150  grains  of  sulphuric  acid,  under 
similar  conditions  %. 

196  : 150  : : 64  : x 

x = 48-97,  the  number  of  grains  of  sulphur  dioxide  evolved 
by  the  action  of  150  grains  of  sulphuric  acid  on 
copper. 

4.  How  many  pounds  of  sodium  carbon- 
ate are  required  to  precipitate  100  lbs.  ot 
calcium  chloride! 

The  equation  representing  the  action  of  sodium 
carbonate  on  calcium  chloride  shows  that  one  molecule 
of  sodium  carbonate  is  required  to  precipitate  one 
molecule  of  calcium  chloride. 

CaCb  + Na2COs  = CaC03  + 2NaCl 

The  molecular  weights  of  calcium  chloride  and 
sodium  carbonate  are  next  calculated. 

Ca  = 40  Na0  = 23  x 2 = 46 

CL  = 35  5 x 2 = 71  C " =12 

03  = 16  x 3 = 48 


From  these  weights  it  is  evident  that  106  parts  by 
weight  of  sodium  carbonate  are  required  to  precipitate 
111  parts  by  weight  of  calcium  chloride,  and  therefore 
106  lbs.  of  sodium  carbonate  are  required  to  precipitate 
111  lbs.  of  calcium  chloride.  Therefore,  how  many 
pounds  of  sodium  carbonate  will  be  required  to  pre- 
cipitate 100 lbs.  of  calcium  chloride? 
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111  : 100  : : 106  : x 

■v. 

x = 95*49,  tlie  number  of  lbs.  of  sodium  carbonate  required 
to  precipitate  100  lbs.  of  calcium  chloride. 

5.  How  many  grammes  ol  nitric  acid 
are  required  to  convert  150  grammes  of 
copper  into  copper  nitrate  1 


The  equation  representing  the  action  of  nitric  acid 
on  copper  shows  that  eight  molecules  of  nitric  acid 
are  required  to  convert  3 atoms  of  copper  into  copper, 
nitrate. 

3Cu  + 8HNO3  = 3Cu(N03)2  + 2NO  + 4H20 

Eight  times  the  molecular  weight  of  nitric  acid, 
and  three  times  the  atomic  weight  of  copper  are  next 
calculated. 

H ==  1 

N — 14 

03  = 16  x 3 = 48  3Cu  = 63*6  x 3 = 190  5 

63 

8HNO3  = 63  x 8 = 504 

From  these  weights  it  is  evident  that  504  parts  by 
weight  of  nitric  acid  are  required  to  convert  190*5 
parts  by  weight  of  copper  into  copper  nitrate,  and 
therefore  that  504  grammes  of  nitric  acid  are  required 
to  act  upon  190*5  grammes  of  copper.  Therefore, 
how  many  grammes  of  nitric  acid  will  be  required  to 
act  upon  150  grammes  of  copper  1 
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190-5  : 150  : : 504  : x 

x — 396-85,  the  number  of  grammes  of  nitric  acid  required 
to  convert  150  grammes  of  copper  into  copper 
nitrate. 

6.  How  many  kilogrammes  of  mercuric 
iodide  can  be  prepared  from  10  kilo- 
grammes of  mercuric  chloride? 

The  equation,  representing  the  preparation  of  mer- 
curic iodide  from  mercuric  chloride  shows  that  one 
molecule  of  mercuric  iodide  is  prepared  from  one 
molecule  of  mercuric  chloride. 

HgCl3  + 2KI  = HgT2  + 2KC1 

The  molecular  weights  of  mercuric  chloride  and 
mercuric  iodide  are  next  calculated. 

Hg  = 200  Hg  = 200 

CL,  = 35-5  x 2 = 71  I2  = 127  x 2 = 254 

271  454 

From  these  weights  it  is  evident  that  454  parts  by- 
weight  of  mercuric  iodide  are  prepared  from  271  parts 
by  weight  of  mercuric  chloride,  and  therefore  that 
454  kilogrammes  of  mercuric  iodide  would  be  prepared 
from  271  kilogrammes  of  mercuric  chloride.  There- 
fore, how  many  kilogrammes  ol  mercuric  iodide  can 
be  prepared  from  10  kilogrammes  of  mercuric  chloride? 

271  : 10  . 454  : x 

x = 16  75.  the  number  of  kilogrammes  of  mercuric  iodide 
that  can  he  prepared  from  10  kil  grammes  of 
mercuric  chloride. 
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7.  Calculate  the  percentage  of  sulphur 
in  sulphuric  acid. 

The  molecular  weight  of  sulphuric  acid  is  first 
calculated. 

H,  = 1 x 2 = 2 
= 32 

Oj  = 16  x 4 = G4 

98 

From  this  molecular  weight  it  is  evident  that  98 
parts  by  weight  of  sulphuric  acid  contain  32  parts  by 
weight  of  sulphur.  Therefore,  what  amount  of  sul- 
phur will  100  parts  of  sulphuric  acid  contain  I 

98  : 100  : : 32  : x 

x = 32G5,  the  percentage  of  sulphur  in  sulphuric  acid. 

8.  Calculate  the  percentage  of  iron  in 
ferric  oxide. 

The  molecular  weight  of  ferric  oxide  is  first  calcu- 
lated. 

Fe2  = 56  x 2 = 112 

03  = 16  x 3 = 48 

160 

From  this  molecular  weight  it  is  evident  that  160 
parts  by  weight  of  ferric  oxide  contain  112  parts  by 
weight  of  iron.  Therefore,  what  amount  of  iron  will 
100  parts  of  ferric  oxide  contain'? 

160  : 100  : : 112  : x ■ 


x = 70  00,  the  percentage  of  iron  in  ferric  oxide. 
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9.  Calculate  the  percentage  of  carbon  in 
starch. 

The  molecular  weight  of  starch  is  first  calculated. 

C6  = 12  x 6 = 72 
HJ0=  1 x 10=  10 
05  = 16  x 5 = 80 

162 

From  this  molecular  weight  it  is  evident  that  162 
parts  by  weight  of  starch  contain  72  parts  by  weight 
of  carbon.  Therefore,  what  amount  of  carbon  will 
100  parts  of  starch  contain? 

162  : 100  : : 72  : x 

x — 44-44,  the  percentage  of  carbon  in  starch. 

10.  Calculate  the  percentage  ot  nitrogen 
in  urea. 

The  molecular  weight  of  urea  is  first  calculated. 


C = 12 

H4  = 1x4=  4 

N«  = 14  x 2 = 28 

O = 16 


60 

From  this  molecular  weight  it  is  evident  that  60 
parts  by  weight  of  urea  contain  28  parts  by  weight 
of  nitrogen.  Therefore,  what  amount  of  nitrogen  will 
be  contained  in  100  parts  of  urea? 

60  : 100  : : 28  : x 

x=  46  66,  the  percentage  of  nitrogen  in  urea. 
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It.  Calculate  tlie  percentage  of  chlorine 
iu  chloroform. 

The  molecular  weight  of  chloroform  is  first  calcu- 
lated. 

C =12 

H = 1 

Cl3  = 35-5  x 3 = 106-5 

119-5 

From  this  molecular  weight  it  is  evident  that 
119*5  parts  by  weight  of  chloroform  contain  106  5 
parts  by  weight  of  chlorine.  Therefore,  what 
amount  of  chlorine  will  be  contained  in  100  parts 
of  chloroform  1 

119-5  : 100  : : 106*5  : x 

x — 89-12,  the  percentage  of  chlorine  in  chloroform. 

Group  II. — Chemical  Problems  involving  both 
Weight  and  Yolume  Calculations. 

For  the  conversion  of  the  weights  of  gases  into 
volumes,  it  is  necessary  to  know  either  the  weight  of 
a litre  of  hydrogen,  or  the  volume  occupied  by  a 
gramme  of  hydrogen  ; the  specific  gravity  of  any  given 
gas  being  known,  it  then  becomes  an  easy  matter  to 
calculate  the  volume  occupied  by  any  given  weight 
of  it. 

The  crith  is  the  weight  of  a litre  of  hydrogen 
at  0°  C.  and  760  mm.  barometric  pressure,  and  is 
0-0896  of  a gramme.  The  weight  of  a litre  of  oxygen, 
the  specific  gravity  of  which  is  16,  would  be  0-0896 
gramme  x 16;  the  weight  of  a litre  of  carbon  dioxide, 
the  specific  gravity  of  which  is  22,  would  be  0'0896 
gramme  x 22 ; in  fact,  the  weight  of  a litre  of  any 
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gas  is  obtained  by  multiplying  the  crith  by  the  specific 
gravity  of  the  gas.  The  conversion  of  the  weights  of 
gases  into  volumes  is,  however,  facilitated  by  bearing 
in  mind  that  1 gramme  of  hydrogen  occupies  11  '2  litres 
(at  0°  0.  and  760  mm.  barometric  pressure).  Now, 
since  oxygen  is  16  times  heavier  than  hydrogen,  11  ‘2 
litres  of  oxygen  must  weigh  16  times  as  much  as  the 
same  volume  of  hydrogen,  that  is,  1 6 grammes  ; again, 
since  carbon  dioxide  is  22  times  heavier  than  hydrogen, 
1T2  litres  of  carbon  dioxide  must  weigh  22  times  as 
much  as  the  same  volume  of  hydrogen,  that  is,  22 
grammes.  In  fact,  the  weight  of  1T2  litres  of  any 
gas  at  0°  C.  and  760  mm.  barometric  pressure  is 
obtained  by  expressing  its  specific  gravity  as  grammes. 
This  fact  may  also  be  stated  thus  : 1 molecular  weight 
of  any  gas  or  vapour  in  grammes  measures  22  T litres. 

1.  How  many  litres  of  hydrogen  will  he 
evolved  by  the  action  ot  sulphuric  acid  on 
10  grammes  of  zinc ! 

The  equation  representing  the  action  of  sulphuric 
acid  on  zinc  shows  that  2 atoms  of  hydrogen  are 
liberated  by  the  action  of  1 atom  of  zinc  on  sulphuric 
acid. 


The  respective  weights  of  zinc  and  hydrogen  are — - 


Therefore,  2 parts  by  weight  of  hydrogen  are 
evolved  by  65  parts  by  weight  of  zinc  from  the 
sulphuric  acid,  and  therefore  2 grammes  of  hydrogen 
are  evolved  by  65  grammes  of  zinc.  Now,  as  the 
molecular  weight  of  hydrogen  is  2,  2 grammes  of 


Zn  + H2S04  = ZnS04  + H3 


Zn 


65 


H, 


1 x 2 


2 
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hydrogen  will  measure  22’4  litres,  and  our  statement 
reads  65  grammes  of  zinc  evolve  22-4  litres  of  hydro- 
gen. How  many  litres  will  10  grammes  of  zinc 
evolve] 

65  : 10  : : 22  4 : x 

x — 3*44  litres,  the  number  of  litres  of  hydrogen  evolved  by 

the  action  of  sulphuric  acid  on  10  grammes 
of  zinc. 

2.  How  many  litres  of  oxygen  are  evolved 
by  heating  50  grammes  of  potassium 
chlorate  1 

The  equation  representing  the  decomposition  of 
potassium  chlorate  by  heat  shows  that  1 molecule  of 
potassium  chlorate  yields  3 atoms  of  oxygen. 

KC103  = KC1  + 30 

The  molecular  weight  of  potassium  chlorate  and 
three  times  the  atomic  weight  of  oxygen  are  next 
calculated. 

K =39 

Cl  = 35-5  03  = 16  x 3 = 48 

03  = 16  x 3 = 48 

122-5 

Therefore  48  parts  by  weight  of  oxygen  are  evolved 
from  122-5  parts  by  weight  of  potassium  chlorate,  and 
therefore  48  grammes  of  oxygen  are  evolved  from 
122*5  grammes  of  potassium  chlorate.  Now,  as  1 
molecular  weight  of  oxygen  (32)  in  grammes  measures 
22-4  litres;  48  grammes  will  measure  33-6  litres. 
Our  statement  now  becomes  122-5  grammes  of  potas- 
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siura  chlorate  evolve  33 -6  litres  of  oxygen.  How 
much  will  be  evolved  by  50  grammes  1 

122-5  : 50  : : 33-6  : x 

x — 13-75  litres,  the  number  of  litres  of  oxygen  evolved 

by  heating  50  grammes  of  potassium 
chlorate. 

3.  How  many  litres  of  sulphur  dioxide 
are  produced  toy  burning  5 grammes  ot 
sulphur? 

The  molecular  weight  of  sulphur  dioxide 

S =32 

02  = 16  x 2 = 32 

64 

shows  that  sulphur  produces  twice  its  weight  of 
sulphur  dioxide,  and,  therefore,  5 grammes  of  sulphur, 
when  burnt,  would  produce  10  grammes  of  sulphur 
dioxide. 

This  weight  of  sulphur  dioxide  must  next  be 
converted  into  litres.  1 gramme  of  hydrogen  occupies 
11-2  litres,  and  as  the  specific  gravity  of  sulphur 
dioxide  is  32  (half  its  molecular  weight),  therefore 
32  grammes  of  sulphur  dioxide  occupy  11*2  litres. 
Therefore,  how  many  litres  will  10  grammes  of  sulphur 
dioxide  occupy  1 

32  : 10  : : 11*2  : x 

x — 3'50  litres,  the  number  of  litres  of  sulphur  dioxide  pro- 
duced by  burning  5 grammes  of  sulphur. 

4.  Wliat  volume  of  nitrogen  dioxide  will 
toe  produced  toy  tlic  action  of  nitric  acid  on 
20  grammes  of  copper  I 
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The  equation  representing  the  production  of 
nitrogen  dioxide  by  the  action  of  nitric  acid  on  copper 
shows  that  2 molecules  of  nitrogen  dioxide  are  set 
free  by  3 atoms  of  copper. 

3Cu  + SHNOs  = 3Cu(NOs)2  + 2NO  + 4H20 

Three  times  the  atomic  weight  of  copper  and  twice 
the  molecular  weight  of  nitrogen  dioxide  are  next 
calculated. 

2N  = 14  x 2 — 28 

3Cu  = 63-5  x 3 = 190-5  20  = 16  x 2 — 32 

60 

From  these  weights  it  is  evident  that  60  parts  by 
weight  of  nitrogen  dioxide  are  produced  by  the  action 
of  nitric  acid  on  190-5  parts  by  weight  of  copper  ; and, 
therefore,  60  grammes  of  nitrogen  dioxide  are  evolved 
by  means  of  190-5  grammes  of  copper. 

Now  the  molecular  weight  of  nitric  oxide  (NO)  is 
30,  so  that  30  grammes  measure  22 -4  litres  and  60 
grammes  will  measure  44 -8  litres.  Our  statement 
now  reads  190-5  grammes  of  copper  evolve  44*8  litres 
of  gas  ; what  volume  will  be  produced  by  20  grammes  ? 

190*5  : 20  : : 44*8  : x 

x = 4*7  litres,  the  volume  of  nitrogen  dioxide  produced  by 

the  action  of  nitric  acid  on  20  grammes  of 
* copper. 

5.  What  volume  of  methane  (marsh  gas 
will  he  produced  hy  heating  30  grammes 
of  sodium  acetate  with  caustic  soda! 

The  equation  representing  the  production  of 
methane  from  sodium  acetate  and  caustic  soda  shows 
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that  1 molecule  of  sodium  acetate  takes  part  in  the 
production  of  1 molecule  of  methane. 

]STaC2H302  + NaHO  = Na2C03  + CH4 

The  molecular  weights  of  sodium  acetate  and 
methane  are  next  calculated. 

Na  = 23 

Co  = 12  x 2 = 24 
H3  = 1x3=  3 

02  = 16  x 2 = 32 

82 

From  these  weights  it  is  evident  that  16  parts  by- 
weight  of  methane  are  obtained  from  82  parts  by- 
weight  of  sodium  acetate,  and,  therefore,  16  grammes 
of  methane  are  obtainable  from  82  grammes  of  sodium 
acetate.  The  molecular  weight  of  marsh  gas  is  16 
. * . 16  grammes  of  marsh  gas  measure  22-4  litres,  and 
our  statement  reads  82  grammes  of  sodium  acetate 
yield  2 2 -4  litres  of  marsh  gas ; how  many  litres  will 
30  grammes  yield  % 

82  : 30  : : 22-4  : x 

x = 8 ‘19  litres,  the  volume  of  methane  produced  by  heating 

30  grammes  of  sodium  acetate  with  caustic 
soda. 

6.  Wliat  volume  of  oxygen  is  required 
to  burn  10  grammes  of  carbon  to  carbon 
dioxide,  and  what  volume  of  carbon  dioxide 
will  be  formed? 

The  formula  of  carbon  dioxide  (C02)  shows  that 
1 atom  of  carbon  requires  2 atoms  of  oxygen  to  form 


C =12 

H4  = 1 x 4 = 4 

16 
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carbon  dioxide.  The  atomic  weight  of  carbon  and 
twice  the  atomic  weight  of  oxygen  are  next  taken. 

0 = 12  02  = 16  x 2 = 32 

From  these  weights  it  is  evident  that  32  parts  by 
weight  of  oxygen  are  required  for  the  combustion  of 
12  parts  b}7-  weight  of  carbon,  and,  therefore,  32 
grammes  of  oxygen  are  required  by  12  grammes  of 
carbon,  and  44  grammes  of  carbon  dioxide  will  be 
formed. 

Now  the  molecular  weight  of  oxygen  is  32,  there- 
fore, 32  grammes  of  oxygen  measure  22-4  litres ; 
similarly,  44  grammes  of  carbon  dioxide  measure 
2 2 "4  litres,  and  our  statement  reads  12  grammes  of 
carbon  require  22 -4  litres  of  oxygen  and  furnish 
22 ’4  litres  of  carbon  dioxide.  How  many  litres 
will  be  required  by  10  grammes  of  carbon  % 

12  : 10  : : 22'4  : * 

x = 18  66  litres,  the  volume  of  oxygen  required  to  burn  10 

grammes  of  carbon  to  carbon  dioxide,  and 
18-64  litres  of  carbon  dioxide  will  be 
formed. 

This  answer  may  also  be  obtained  by  using  the 
crith  ( see  p.  489). 

Thus,  a litre  of  hydrogen  weighs  ‘0896  gramme, 
and  a litre  of  oxygen  . • . weighs  ’0896  x 16  = 1434 
gramme. 

Now,  as  above,  12  grammes  of  carbon  required 

. 32x10 

32  grammes  of  oxygen  . * . 10  will  require  — p; — 

, . 1x26-66 

= 26*66  grammes,  and  this  occupies  — pyx — 

= 18‘6  litres..  It  is  obvious  that  the  first  method 
is  simpler  and  shorter. 
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H.  How  many  grammes  of  calcium  car- 
bonate will  be  precipitated  by  passing  20 
litres  of  carbon  dioxide  through  lime-water  ? 

The  equation  representing  the  action  of  carbon 
dioxide  on  lime-water  shows  that  1 molecule  of  carbon 
dioxide  is  employed  in  the  preparation  of  1 molecule 
of  calcium  carbonate. 

Ca(H0)3  + C02  = CaC03  + H20 

The  molecular  weights  of  carbon  dioxide  and 
calcium  carbonate  are  next  calculated. 


C =12 

02  = 16  x 2 = 32 

44 


Ca  = 40 

C = 12 

03  = 16  X 3 = 48 

100 


From  these  weights  it  is  evident  that  44  parts  by 
weight  of  carbon  dioxide  precipitate  100  parts  by 
weight  of  calcium  carbonate,  and  therefore  44  grammes 
of  carbon  dioxide  precipitate  100  grammes  of  calcium 
carbonate. 

As  44  is  the  molecular  weight  of  carbon  dioxide, 
44  grammes  of  this  gas  measure  22*4  litres,  therefore 
22-4  litres  of  carbon  dioxide  precipitate  100  grammes 
of  calcium  carbonate.  What  weight  will  be  precipi- 
tated by  20  litres  1 


22-4  : 20  : : 100  : x 

9 

p — 89'28  grammes,  the  weight  of  calcium  carbonate  pre- 
cipitated by  passing-  20  litres  of  carbon 
dioxide  through  lime-water. 
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8.  Hoav  many  grammes  of  sodium  Chlor- 
ide can  be  prepared  from  50  litres  of  hydro- 
chloric acid  gas  ? 

The  formulae  of  sodium  chloride  (NaCl)  and  hydro- 
chloric acid  gas  (HC1)  show  that  1 molecule  of  the 
former  can  be  prepared  from  1 molecule  of  the  latter 
Their  molecular  weights  are  next  calculated. 

Na  = '23  H = 1 

Cl  = 35-5  Cl  = 35-5 

58-5  36-5 

From  these  weights  it  is  noticed  that  58  5 parts 
by  weight  of  sodium  chloride  can  be  prepared  from 
36  5 parts  by  weight  of  hydrochloric  acid  gas,  and 
therefore  58  5 grammes  of  sodium  chloride  can  be 
prepared  from  36  5 grammes  of  hydrochloric  acid  gas. 

The  molecular  weight  of  hydrogen  chloride  is  36‘5, 
so  36  5 grammes  measure  22-4  litres,  and  22 ’4  litres 
of  hydrogen  chloride  will  form  58 -5  grammes  of 
sodium  chloride.  How  many  grammes  can  be  pre- 
pared from  50  litres? 


22-4  : 50  : : 58-5  : * 

x — 130 ’58  grammes,  the  weight  of  sodium  chloride  that  can 

he  prepared  from  50  litres  of  hydrochloric 
acid  gas. 

9.  How  many  grammes  of  ammonium 
chloride  are  required  to  produce  30  litres 
ot  ammonia  gas  ! 

The  formulae  of  ammonium  chloride  (NH^Cl)  and 
ammonia  gas  (NH3)  show  that  1 molecule  of  the 
former  yields  1 molecule  of  the  latter.  Their  molecular 
weights  are  next  calculated. 
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N =14  N =14 

H4  = 1x4  = 4 H3  = 1 x 3 = 3 

Cl  = 35-5  — 


We  learn  from  these  weights  that  53-5  parts  by 
weight  of  ammonium  chloride  are  required  to  pro- 
duce 17  parts  by  weight  of  ammonia  gas,  and  there- 
fore 53'5  grammes  of  ammonium  chloride  are  required 
to  produce  17  grammes  of  ammonia  gas. 

The  molecular  weight  of  ammonia  is  17,  so  17 
grammes  measure  22-4  litres,  and  53  ‘5  grammes  of 
ammonium  chloride  yield  22*4  litres  of  ammonia. 
How  many  grammes  will  be  required  to  produce  30 
litres  1 

22-4  : 30  : : 53-5  : x 

x = 7 1*65  grammes,  the  weight  of  ammonium  chloride 

required  to  produce  30  litres  of  ammonia 
gas. 

Group  III. — Chemical  Problems  involving  Volume 
Calculations  only. 

The  solution  of  problems  of  this  class  is  a very 
simple  matter.  It  is  only  necessary  to  write  out  a 
complete  equation  of  the  reaction  involved  in  the 
problem,  and  to  observe  the  relative  numbers  of  the 
molecules  of  the  gases  taking  part  in  the  reaction ; 
since  the  molecules  of  all  gases  occupy  the  same 
space,  the  relative  numbers  of  molecules  expressed  in 
the  equation  represent  the  relative  volumes  of  gases 
taking  part  in  the  reaction.  It  is  quite  immaterial 
whether  the  volumes  of  the  gases  are  expressed  in 
pints,  litres,  gallons,  etc.  (as  will  be  seen  from  the 
following  examples) : 
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1.  How  many  pints  of  oxygen  are  re- 
quired for  tlie  combustion  of  10  pipits  of 
hydrogen? 

The  equation  representing  the  combustion  of 
hydrogen  is  first  written  out. 

2H3  + 02  = 2H20 

2 molecules.  1 molecule. 

From  this  equation  it  is  obvious  that  1 molecule 
of  oxygen  is  required  for  the  combustion  of  2 mole- 
cules of  hydrogen,  and  since  the  molecules  of  all 
gases  occupy  the  same  space,  therefore  1 pint  of 
oxygen  will  be  required  for  the  combustion  of  2 pints 
of  hydrogen,  and,  therefore,  for  the  combustion  of 
10  pints  of  hydrogen,  5 pints  of  oxygen  will  be 
required. 

2.  How  many  litres  oi  oxygen  are  required 
for  the  combustion  of  5 litres  of  sulphuretted 
hydrogen  ? 

The  equation  representing  the  combustion  of 
sulphuretted  hydrogen  is  first  written  out. 

2H2S  + 302  = 2H20  + 2S02 

2 moleca  es  3 molecules. 

From  this  equation  it  is  evident  that  3 molecules 
of  oxygen  are  required  for  the  combustion  of  2 
molecules  of  sulphuretted  hydrogen,  and  therefore 
3 litres  of  oxygen  are  required  for  the  combustion  of 
2 litres  of  sulphuretted  hydrogen.  Therefore,  how 
many  litres  of  oxygen  will  be  required  for  the  com- 
bustion of  5 litres  of  sulphuretted  hydrogen  1 
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3 litres  of  0 required  for  combustion  of  2 litres  of  H2S 

• l 1 1 

• • 1 2 5>  >>  »>  >>  A >>  >> 

• 7J,  5 

• • < 2 >’  >>  >*  >>  ° >>  » 

3.  How  many  gallons  ot  carbon  dioxide 
are  produced  by  burning  lO  gallons  ol 
olefiant  gas  (ethylene)  ! 

The  equation  representing  the  combustion  of 
olefiant  gas  is  first  written  out. 

C2H4  + 303  = 2C0o  + 2H20 

1 molecule  2 molecules. 

From  this  equation  we  can  see  that  2 molecules 
of  carbon  dioxide  are  produced  by  burning  1 molecule 
of  olefiant  gas,  and  therefore  2 gallons  of  carbon 
dioxide  are  produced  by  burning  1 gallon  of  olefiant 
gas. 

1 gallon  of  C2H4  produces  2 gallons  of  C02 
. \ 10  gallons  „ produce  20  ,,  ,, 

4.  flow  many  cubic  feet  of  oxygen  are 
required  for  the  combustion  of  2 cubic  feet 
of  marsh  gas  (methane)! 

The  equation  representing  the  combustion  of  marsh 
gas  is  first  written  out. 

CH4  -f  20,  = C02  + 2H20 

1 molecule.  2 molecules. 

This  equation  clearly  indicates  that  2 molecules 
of  oxygen  are  required  for  the  combustion  of  1 mole- 
cule of  marsh  gas,  and  therefore  2 cubic  feet  ot 
oxygen  are  required  for  the  combustion  of  1 cubic 
foot  of  marsh  gas,  and  therefore  4 cubic  feet  of  oxygen 
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will  be  required  for  the  combustion  of  2 cubic  feet  of 
marsh  gas. 


5.  How  many  pints  oi  air  arc  required 
for  the  combustion  of  2 pints  of  marsh  gas  ? 


The  problem  is  first  worked  out,  as  in  the  preced- 
ing case,  to  ascertain  the  number  of  pints  of  oxygen 
required  for  the  combustion  of  2 pints  of  marsh  gas  ; 
it  was  found  that  4 pints  of  oxygen  were  required. 
It  now  remains  to  ascertain,  in  how  many  pints  of  air 
4 pints  of  oxygen  will  be  contained. 

Now  100  parts  of  air  by  volume  contain  21  parts 
of  oxygen  by  volume.  Therefore,  if  21  pints  of  oxygen 
are  contained  in  100  pints  of  air,  in  how  many  pints 
of  air  will  4 pints  of  oxygen  be  contained  1 


21:4::  1 00  : a; 

x = 19-04  pints,  the  number  of  pints  of  air  required  for  the 

combustion  of  2 pints  of  marsh  gas. 

6.  How  many  gallons  of  carbon  monoxide 
are  produced  by  passing  100  gallons  ot 
carbon  dioxide  over  heated  charcoal ! 

The  equation  representing  the  action  of  carbon 
dioxide  on  heated  charcoal  is  first  written  out. 

2C02  + 2C  = 4CO 

2 molecules.  4 molecules. 


From  this  equation  it  is  evident  that  4 molecules 
of  carbon  monoxide  are  produced  from  2 molecules  of 
carbon  dioxide,  and  therefore  4 gallons  of  carbon 
monoxide  will  be  produced  from  2 gallons  of  carbon 
dioxide. 
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4 gallons  of  CO  are  produced  from  2 gallons  of  C02 


7.  How  many  pints  ot  chlorine  are  re- 
quired to  convert  10  pints  of  marsh  gas 
(methane)  into  chloroform ! 

The  equation  representing  the  conversion  of  marsh 
gas  into  chloroform  by  the  action  of  chlorine  is  first 
written  out. 

CH4  + 3C12  = CHC13  + 3HC1 

1 molecule.  3 molecules. 

From  this  equation  it  is  evident  that  3 molecules 
of  chlorine  are  required  to  convert  1 molecule  of  marsh 
gas  into  chloroform,  and  therefore  3 pints  of  chlorine 
are  required  to  convert  1 pint  of  marsh  gas  into 
chloroform.  Therefore  30  pints  of  chlorine  are 
required  to  convert  10  pints  of  marsh  gas  into 
chloroform. 
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WEIGHTS  AND  MEASURES. 


1 lb.  Avoirdupois 

1 oz.  Avoirdupois... 

1 lb.  Troy 

yy  yy  •••  •••  ,M 

1 oz.  Troy ... 

1 ^cillou  ...  ... 

1 pint  ...  ...  ••• 

1 fluid  oz.  ... 

1 fluid  drachm  

1 gallon  of  water  at  62°  F. 
weighs  ... 

1 cubic  foot  of  water 


16  oz.  Av. 

7,000  grains. 

437 ’5  grains. 

12  ozs.  Troy. 

5,760  grains. 

480  grains. 

8 pints. 

20  fluid  ozs. 

8 fluid  drachms. 

60  minims. 

70,000  grains,  or  10  lbs, 
997  ounces  Av. 


1 metre  (m.) 


yy 

yy 

• • • 

• • • 

~ 

yy 

yy 

• • • 

• • • 

= 

yy 

• • • 

• • • 

= 

1 litre 

• • • 

• • • 

• • • 

= 

yy 

• • • 

... 

• • • 

= 

1 cubic  metre 

. . . 

99  9 

= 

1 pint 

l fluid  oz 

1 kilogramme  (kg.) 

»»  »»  >> 

1 gramme  ... 

j y •••  • • • 

1)  ...  ••• 

1 lb.  Avoirdupois  ... 

1 OZ.  yy 

1 grain 


10  decimetres  (dm.). 

100  centimetres  (cm.). 

1,000  millimetres  (mm.). 

39 ‘37  inches. 

1,000  cubic  centimetres  (c.c 
T76  pints. 

1,000  litres. 

568  cubic  centimetres. 

28*4  ,,  ,, 

1,000  grammes  (g.). 

2-205  lbs.  Av. 

10  decigrammes  (dg.). 

100  centigrammes  (eg.). 

1,000  milligrammes  (mg.). 
15-432  grains. 

453'6  grammes. 

28-35  „ 

64-8  milligrammes. 


Directions  for  Examining  a Salt  or  Solution  containing  not  more  than  one 
Metal  and  one  Acid,  or  one  of  the  Substances,  Cane  Sugar1  Grape 
Sugar,  or  Urea. 

Examination  of  the  Solution,  or  of  the  Salt  dissolved  in  water  or  in  hydrochloric  acid 
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Note. — The  metals  Cd  and  Sn  (-ic  and  -ous)  are  not  included  in  the  syllabus  of  the  Conjoint  Board. 


5°6 


Chemistry. 


[Part  V. 


xn 

P 

-3 


GO 

Tl 

f-i 

0$ 

O 

M 


-4J 

d 

» rH 

o 


O 


© 


id 

© 

id 

d 

r— < 

o 

d 


o 

d 


O 


w 

H 

O 


W 

4 

© 


rQ 


Id 

© 

Id 

id 

cS 


© 
id 
• — < 
S-c 

3 


© 

a 

d 

■ H 

d 
o 

a 
a 

d 
© 

1> 


w 

H 

O 


5°7 


Part  V.] 


Tests  for  metals . 


Note. — Zinc  is  the  only  metal  in  this  group  included  in  the  Conjoint  syllabus. 
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Note. — Sr  is  omitted  in  the  Conjoint  syllabus. 


GROUP  VI. 

If  no  p.p.  in  preceding  groups,  treat  fresh  portions  of  orig.  sol.  successively 
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Note. — Li  is  not  included  in  the  Conjoint  syllabus. 
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If  no  base  is  found  the  solution  (1)  either  con- 
tains cane  sugar,  grape  sugar,  urea,  or  (2)  is  a solution 
of  a free  acid  (HC1,  HN03,  HgSO*  HC2H302,  H2C204, 
HC4H406,  HCN,  etc.).  Test  the  solution  with  blue 
litmus  paper.  If  the  solution  is  strongly  acid  and 
causes  a vigorous  effervescence  with  sodium  carbonate, 
it  contains  a free  acid,  the  nature  of  which  is  deter- 
mined by  the  usual  tests  for  acids  ( see  below). 

If,  on  the  contrary,  the  solution  is  neutral,  or 
nearly  so,  taste  it : a sweet  taste  indicates  one  of  the 
sugars.  Apply  the  following  tests  : 

Grape  Sugar. — Place  ip  a test  tube  a small  quantity  of 
solution  of  copper  sulphate,  then  add  the  solution,  and 
finally,  drop  by  drop,  caustic  potash  until  the  solution 
becomes  clear  and  dark  blue.  Heat  gently ; the  blue 
colour  disappears,  a yellow  p.p.,  turning  red,  falls. 
This  indicates  grape  sugar.  ’ • j«/  ! y ' 


0 


Cane 


Sugar. -/ 

r1\  rPb»  r\  QAlnfi'nn  'f.TPfl'fpf 


(1)  1 The ! solution  treated  as  above  does  not  reduce  fhe 

copper  test w V 

(2)  Boiled  with  strong  ifydrochlorio  acid  the  original 
solution  turns  red,  and  finally  becomes  brown  and 

thick ; ... 

(31  Boiled  with  strong  sulphuric  acid  the  solutio 

*1  • n i.nm— V t jj*.  €*«***>  J 


Urea. 


A 


v\ v 


(1)  NaBrO  solution  causes  brisk  effervescence  owing  to 

the  escape  of  nitrogen  ; 

(2)  Hg(NOs)2,  white  p.p.; 

(3)  Strong  HN03,  if  stirred  in  the  cold  with  a strong 
solution  of  urea,  gives  white  crystalline  plates  of 
urea  nitrate. 
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Note. — Sulphites,  hyposulphites  (or  thiosulphates),  and  silicates  are  omitted  from  the  syllabus 
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Boil  a little  solid  or  a small  quantity  of  tlie  solution  with  excess  of 

strong  sulphuric  acid. 
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Yellow  gas, 
with  Cl-like 
smell,  which 
detonates  on 
heating. 

*♦0 

£ 

O * 

£5 

Odour  of 
strong 
Vinegar. 

Acetate. 

Confirm  as  in 
Table  I. 

| 

Effervesces 
when  hot. 
CO  and  CO2 
evolved. 

Oxalate. 

CO  burns 
with  blue 
flame. 

Orig.  solution 
with  HC2H3O2 
and  CaCl2- 

White  p.p. 

Chars,  evolves 
SOo  and  odour 
of  burnt  sugar. 

Tartrate. 

Stir  orig.  solu- 
tion with 
K0SO4  or 
KC1  solution. 

White  cryst. 

p.p. 

Confirm  by  the 
mirror  test, 
see  tartaric 

acid,  p.  445. 

Violet 
vapours  of 
Iodine. 

Iodide. 

Orig.  solution 
with  HNO3 
and  AgNOj. 

Yellowish  p.p. 
in  sol.  in 
AmHO. 

Solution  with 
Cl  water  and 
little 

CHCI3  gives 
rioftstf-eoloured 
solution  of 
I.  in  CHClg. 

Brownish  Red 
fumes  of  Oxides 
of  Nitrogen. 

Nitrate. 

Red  fumes ; 
more  abundant 
by  repeating 
the  experiment 
with  Cu  turn- 
ings. 

Confirm  by 
brown  ring  test. 

Mix  cold  orig. 
solution  with 
its  own  vol.  of 
strong  H2SO4. 
Cool.  Pour  on 
FeSO.i  solution. 

Brown  ring 
at  junction  of 
fluids. 

Brown 

choking  fumes 
of  Br. 

Bromide. 

Orig.  solution 
with  HNO3 
and  AgN03. 

White  p.p. 
soluble  in 
excess  of 
AmHO. 

Solution  with 
Cl  water  and 
little  CHCI3, 
gives  a brown 
solution  of 
Br  in  CHCI3. 
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Note. — Chlorates  are  omitted  in  the  Conjoint  syllabus. 


TABLE  III. 

If  no  indication  of  the  acid  has  been  observed  at  this  stage  of  the  analysis,  the  probability 
is  that  the  salt  is  a sulphate,  phosphate  (or  perhaps  a weak  solution  of  an 
oxalate),  or  borate. 
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Note. — Borates  are  omitted  in  the  Conjoint  syllabus, 
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If  arsenic  has  been  found  when  testing  for  the 
base,  special  tests  must  be  made  to  determine  whether 
this  element  is  present  as  a base,  probably  as  AsCl3, 
or  as  an  acid  combined  with  potash  or  soda,  as  aisenite 
or  arseniate.  An  arsenite  gives  with  AgN03  a yellow 
p.p,,  an  arseniate  with  AgNOs  gives  a red  p.p. 

.,.,i.¥liu  solution  of  a chromate  is  yellow  and  gives  a 
red  p.p.  with  AgNOs.  The  yellow  colour  is  turned 
dark  green  by  reducing  agents,  such  as  S02,  H2S, 
nascent  hydrogen,  etc. 

COMMON  COLOURED  SUBSTANCES. 


Red.  Pb304,  HgS,  HgO,  Hgl„  Fea03,  Sb3S3,  C%0, 
Yellow,  Ferric  salts,  PbO,  Pbl.,,  HgO  (ppted.), 


As2S3,  S. 


Fe3G3,  Pb02. 


Brown.  A 0, 

Green.  Copper  salts,  ferrous  salts. 

Blue.  Copper  salts.  ^ „ 

Black.  PbS,  FeS,  BiaS3,  HgS,  CuS,  CuO,  MnOa, 
C,  finely  divided  metals. 
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ADDITIONAL  HINTS. 


I.  If  the  original  solution  is  strongly  alkaline,  and  carbon- 
ates are  absent,  the  presence  of  a soluble  base,  such  as  ammonia, 
potash,  soda,  lime,  or  baryta  is  indicated.  Ammonia  would  be 
detected  by  its  smell,  the  other  bases  by  a brown  p.p.  on 
addition  of  AgN03. 

II.  If  the  salt  is  insoluble  in  boiling  water,  attempts  should 
be  made  to  dissolve  it  in  HC1.  If  it  dissolves  without  effer- 
vescence, the  absence  of  a carbonate  is  indicated.  To  prove  an  ' 
oxide,  since  the  metal  has  been  previously  detected,  the  physical 
and  chemical  properties  of  the  oxide  of  that  metal  must  be 
borne  in  mind,  and  searched  for ; a few  oxides,  such  as  oxide 
of  mercury,  black  oxide  of  manganese,  and  peroxide  of  lead, 
evolve  oxygen  on  heating ; litharge  is  of  a characteristic  yellow 
colour;  oxide  of  bismuth  of  a lemcn  colour;  oxide  of  copper 
black,  forming  with  acids  a green  solution ; oxide  of  antimony 

a huff  colour,  dissolving  when  boiled  with  tartaric  acid  solution ; 
ferric  oxide  a reddish-brown  colour;  oxide  of  zinc  a white 
colour,  turning  yellow  when  heated,  but  becoming  white  again 
on  cooliDg. 

III.  The  following  are  some  of  the  reactions  by  which 
some  of  the  more  commonly  occurring  bodies,  insoluble  in  HC1, 
may  be  recognised  : — 

Calomel , by  its  turning  black  when  treated  with  alkalies,.and 
by  its  volatility.  If  treated  with  AmHO  and  filtered,  the  Cl 
can  be  detected  in  the  filtrate  by  acidifying  with  HNOa  and 
adding  AgN03.  If  heated  in  a small  tube  with  dry  sodium 
carbonate  metallic  mercury  sublimes. 

Mercuric  Iodide,  by  its  scarlet  colour,  and  by  its  turning 
yellow  on  heating  and  scarlet  again  when  the  yellow  modifi- 
cation is  pressed. 

Mercurous  Iodide , by  its  dirty-green  colour,  and  by  its 
yielding  some  yellow  and  scarlet  mercuric  iodide  when  heated 
in  a dry  tube. 

Mercurous  Oxide,  by  its  black  colour,  by  its  evolving  oxygen, 
and  by  its  yielding  a sublimate  of  metallic  mercury  on  heating. 
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Oxide  of  Silvei',  by  its  brown  colour,  and  by  its  evolving 
oxygen  when  heated,  the  metal  silver  being  left. 

Sulphur,  by  its  yellow  colour,  and  by  the  peculiar  odour  of 
S02  when  burnt. 

Charcoal , by  its  black  colour,  by  its  deflagrating  when  heated 
with  KN03,  and  by  its  evolving  S02  when  boiled  with  strong 
H3S04. 

In  many  case3,  although  a substance  is  not,  stiictly  speaking, 
insoluble,  it  is  so  difficult  to  dissolve  and  so  much  acid  is 
usually  employed  by  the  student,  that  ordinary  analytical 
reactions  are  somewhat  obscured.  Thus,  some  specimens  of 
litharge  and  other  oxides  of  lead  are  very  difficult  to  dissolve ; 
in  such  cases  a preliminary  examination  by  the 
blowpipe,  or  in  the  dry  way,  is  often  most  useful.  This  consists 
of  four  principal  experiments: — (1)  heating  in  a small  glass 
tube  ; (2)  heating  on  charcoal;  (3)  borax  bead ; (4)  flame  colora- 
tion. The  principal  reactions  are  as  follows : 

(1)  Heat  solid  in  small  glass  tube — 

1.  Substance  sublimes  indicates  As,  Hg,  Am  salts,  etc. 

Heat  with  Na2C03,  sublimate  of  silvery 

globules  . . . . = Hg. 

garlic  odour  and  black  mirror  . = As. 

NH3  evolved  . = NH4  salts. 

2.  Substance  chars  = Sugar,  tartrates,  etc. 

3.  Substance  turns  yellow  when  hot,  white  on 

cooling  = Zn  salts. 

4.  Gases  evolved,  brown  = Nitrate  or  bromide. 

,,  „ violet  = Iodide: 

(2)  Heat  solid  on  charcoal — 

1.  Substance  deflagrates  = Nitrate  or  chlorate. 

2.  Residue  glows  = Zn,  Al,  Mg  salts. 

Residue  moistened  with  Co(N03)2  and  reheated  : 

(a)  green  mass  = Zn. 

(b)  blue  mass  = Al. 

(c)  faint  pink  = Mg. 

3.  A metallic  globule  is  formed.  (The  formation  of 

these  globules  is  aided  by  the  addition  of  a little 

day  NaaCOa  before  heating.) 
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(a)  White  malleable,  no  incrustation  = Ag  or  Sn. 

\b)  „ „ yellow  „ = Pb. 

( c ) „ brittle,  orange  „ = Bi. 

\d)  „ „ white  „ = Sb. 

(e)  Red  scales  . , . . = Cu. 


(3)  Borax  bead — 


1.  Gi’een  in  both  flames  .... 

0 | In  outer  flame,  green  when  hot,  blue  cold  ) 
( In  inner  flame,  red  streaks  . . . \ 

3.  Blue  in  both  flames  .... 

4.  In  outer  flame  violet,  in  inner  colourless 

g | In  outer  flame,  brown-yellow,  lighter  on  ) 
’ ( cooling ; in  inner  flame,  olive  green  j 

6.  Smoke  coloured,  or  sherry  red  . . 


= Or. 

= Cu. 

= Co. 
= Mn. 

= Fe. 

= Ni. 


(4)  Flame  coloration — 

1.  Crimson 
. 2.  Orange  red 

3.  Green 

4.  Lavender 

5.  Livid  blue 

6.  Orange  yellow 


= Sr  or  Li. 

= Ca. 

= Cu,  Ba,  or  boric  acid. 
= K. 

= As,  Sb,  Pb. 

= Na. 
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PREPARATION  OF  CERTAIN  TYPICAL  SALTS. 


Sodium  Chloride . — Dissolve  20  grammes  of  ordinary  wash- 
ing soda  in  about  100  c.c.  of  water  contained  in  an  evaporating 
dish,  add  hydrochloric  acid  until  the  mixture,  on  stirring  and 
boiling,  is  quite  neutral,  i.e.  does  not  change  the  colour  of  either 
blue  or  red  litmus  paper.  (The  litmus  paper  should  not  be  dipped 
into  the  solution,  but,  after  vigorous  stirring,  a small  drop 
should  be  taken  up  on  a glass  stirring-rod  and  brought  into 
contact  with  the  litmus  paper.)  As  salt  is  almost  as  soluble  in 
cold  as  in  hot  water,  the  solution  must,  after  filtering  if  neces- 
sary, be  evaporated  to  dryness  to  obtain  the  sodium  chloride. 


Na2C03  + 2HC1  = 2NaCl  + C02  + H20. 

Ammonium  Chloride. — Take  about  30  c.c.  of  strong  hydro- 
chloric acid,  dilute  and  neutralise  by  adding  ammonium 
hydrate.  Test  the  solution  with  litmus,  as  above.  When 
neutral,  evaporate  to  a small  bulk  and  allow  to  cool.  Drain 
the  crystals  on  several  thicknesses  of  filter  paper. 


NHJiO  + HC1  = NH4C1  + H20. 


Lead  Chloride. — Dissolve  5 grammes  of  lead  acetate  or  lead 
nitrate  in  distilled  water,  add  dilute  hydrochloric  acid  as  long 
as  a precipitate  falls.  Filter  off  the  precipitate  and  wash  with 
a little  water.  The  precipitate  may  be  dissolved  by  boiling  in 
distilled  water,  and  on  cooling  the  lead  chloride  will  be 
obtained  in  crystals. 


Pb(N03)2  + 2HC1  = PbClo  + 2HN03. 


Lead  Iodide. — Dissolve  5 grammes  of  lead  acetate  or  nitrate 
in  distilled  water,  adding  a little  nitric  acid;  then  add  a 
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solution  of  potassium  iodide  as  long  as  a precipitate  falls.  Filter, 
wash  with  cold  distilled  water,  and  dry  on  filter  paper,  it  the 
precipitate  be  boiled  with  distilled  water  containing  a little 
nitric  acid,  and  the  solution  he  allowed  to  cool,  the  lead  iodide 
will  separate  out  in  iridescent  golden  spangles. 

Pb(C2H302)2  + 2KI  = Phl2  + 2KCJ-I302. 

Mercuric  Iodide.— Dissolve  5 grammes  of  corrosive  sub- 
limate  in  water ; add  solution  of  potassium  iodide  as  long  as 
a precipitate  falls  (avoid  excess  of  potassium  iodide,  as  mercuric 
iodide  is  soluble  in  excess).  Filter,  wash,  and  diy. 

HgCh  + 2KI  = Hgl2  + 2K01. 

Cupric  Oxide  [Black  Oxide  of  Copper).—  Dissolve  5 grammes 
of  copper  sulphate  in  water;  precipitate  with  caustic  potash. 
Boil  the  mixture,  with  constant  stirring,  until  the  blue  pre- 
cipitate (Cu(HO)o)  becomes  black  (CuO).  Filter,  wash  well, 
and  dry. 

CuS04  + 2KHO  = Cu(HO)2  + K2S04. 

Cu(HO)2  = CuO  + H20. 

Cupric  Hydrate—  Dissolve  5 grammes  of  copper  sulphate  m 
water;  precipitate  carefully  in  the  cold  with  caustic  potash. 
Avoid  excess  of  caustic  potash.  Filter,  wash,  dry  on  filter 
paper,  without  heat. 

Mercuric  Oxide  ( Red  Oxide  of  Mercury).  —Dissolve  25  grammes 
or  2 c.c.  of  mercury  inan  evaporating  dish,  in  strong  nitric  acid 
(this  must  he  performed  in  a draught  cupboard).  Evaporate 
the  solution  to  dryness.  As  soon  as  the  liquid  has  all  evapor- 
ated, remove  the  white  crystalline  cake  of  mercuric  nitrate  and 
powder  it  in  a mortar.  Replace  the  powder  in  the  dish,  and 
heat,  with  constant  stirring,  until  its  colour  is  uniformly  dark 
and  red  fumes  cease  to  he  evolved.  Allow  it  to  cool ; when 
cold,  it  will  he  bright  red. 


3Hg  + 8HN03  = 3Hg(N03)2  + 2NO  + 4H20. 
Hg(NO;j)2  = HgO  + 2N03  + O. 
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Mercuric  Oxide  ( Yellow  Oxide  of  Merc ury).—  Dissolve  5 
grammes  of  mercuric  chloride  in  distilled  water  and  precipitate 
with  caustic  potash.  Filter,  wash  and  dry. 

HgCla  + 2KH0  = HgO  + H20  + 2KC1. 

& 'odium  Hydrate  ( Sodium  Hydroxide  or  Caustic  Soda). — Dis- 
solve 20  grammes  of  washing  soda  in  water  in  an  evaporating 
dish ; add  about  20  grammes  of  freshly-made  lime.  Boil  the 
mixture,  with  occasional  stirring,  for  ten  minutes,  filling  up 
the  dish  with  water  as  it  boils  away.  Decant  or  filter,  and 
evaporate  the  clear  liquid  until  there  remains  in  the  dish  a 
thick,  almost  viscid,  liquid.  Allow  it  to  cool,  when  it  should 
solidify  into  a mass  of  caustic  soda,  which  should  not  effervesce 
when  dilute  hydrochloric  acid  is  poured  over  it. 

Na2C03  + Ca(HO)a  = 2NaHO  + CaC03. 


Sodium  Carbonate.  —Dissolve  5 grammes  of  caustic  soda  in 
water  in  a flask.  Bubble  carbon  dioxide  through  the  solution 
till  a portion  of  the  solution  ceases  to  give  a brown  precipitate 
with  silver  nitrate.  Filter  if  "necessary,  and  evaporate  the 
clear  solution  till  a drop  taken  out  on  the  end  of  a glass  stir- 
ring-rod and  allowed  to  cool  shows  signs  of  crystallisation ; 
then  allow  the  whole  of  the  liquid  to  cool  slowl}7.  When  cold 
pour  off  the  mother  liquor  and  allow  the  crystals  to  drain. 

2NaHO  + C02  = Na2C03  + H20. 


Calcium  Carbonate. — Dissolve  10  grammes  of  lime  or  whitin°- 
in  dilute  hydrochloric  acid,  with  the  aid  of  heat.  Add  ammon- 
ium hydrate  to  the  solution  till  alkaline.  Filter  off  the  pre- 
cipitate (containing  usually  calcium  phosphate,  aluminium  oxide 
and  iron  oxide)  and  add  to  the  clear  liquid  ammonium  carbon- 
ate as  long  as  a precipitate  falls.  Boil,  filter,  wash  and  dry. 


Ca(HO)2  + 2-HC1  = CaCl2  + 2H20 ; 
Or,  CaC03  + 2HC1  = CaCl2  + C02  + H20 
CaClj  + Am2C03  = CaC03  + 2 Am  Cl. 
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Magnesium  Carbonate. — Dissolve  5 grammes  of  magnesium 
sulphate  in  water ; precipitate  with  sodium  carbonate.  Boil, 
filter,  wash,  and  dry. 


HgSCXj  + Na2C03  = MgCOj,  + Na2S04. 


Ihe  normal  MgC03  is  not  usually  obtained,  but  a basic  carbonate, 
3MgC03  + Mg(HO)2  + 4H20. 


Bismuth  Carbonate. — Dissolve  3 grammes  of  bismuth  nitrate 
in  distilled  water  in  a flask.  Boil,  add  nitric  acid  drop  by  drop, 
with  constant  shaking,  until  a clear  solution  is  obtained  ; cool, 
and  add  ammonium  carbonate  solution  in  excess ; filter,  wash’ 
and  dry.  ’ 


2Bi(N03)3  + 3Am2C03  = Bi2(C03)3  + 6AmNOa. 

As  with  magnesium,  the  normal  carbonate  is  not  usually 
formed,  the  precipitate  having  the  composition 


2(Bi0)2C03  + H20. 


Ammonium  Oxalate.—  Dissolve  5 grammes  of  oxalic  acid  in 
distilled  water ; carefully  neutralise  with  ammonium  hydrate 
evaporate  to  the  crystallising  point  [see  Sodium  Carbonate! 
page  520),  and  allow  to  cool. 


HoCA  + 2AmHO  = AmJC204  + 2H20. 

Urea,  Oxalate. — Dissolve  4 grammes  of  oxalic  acid  in  40  c.c. 
of  distilled  water ; dissolve  2 grammes  of  urea  in  2 c c of 
distilled  water;  add  about  30  c.c.  of  the  cold  oxalic  acid 
solution  to  the  solution  of  urea,  and  mix  by  gently  shaking  in  a 
flask.  Allow  to  stand  for  a short  time,  filter  off  the  crystals 
wash  with  a little  distilled  water  and  dry  on  filter  paper. 


2CO(NH2)2  + HaCaO.  = (CO(NHa)a)a.HaCaO.. 
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Potassium  Nitrate.—  Dissolve  10  grammes  of  caustic  potash 
or  of  potassium  carbonate  in  water ; neutralise  with  nitiic  acid, 
evaporate  to  the  crystallising  point,  and  allow  to  cool. 


K0CO3  + 2HN03  = 2KN03  + C02  + HoO. 

Barium  Nitrate.—  Dissolve  10  grammes  of  barium  carbonate 
in  dilute  nitric  acid  with  the  aid  of  heat,  boil,  filter  hot,  evapor- 
ate to  the  point  of  crystallisation  and  allow  to  cool.  It  is  most 
important  to  have  the  solution  dilute  and  hot  while  filteiing,  as 
barium  nitrate  is  not  very  soluble  : if  the  solution  is  strong, 
most  of  the  barium  nitrate  will  separate  out  and  remain  on 

the  filter. 

BaC03  + 2HNO3  = Ba(N03)2  + C02  + H20. 

Lead  Nitrate.—  Dissolve  10  grammes  of  lead  carbonate  or 
of  litharo-e  in  dilute  nitric  acid,  with  the  aid  of  heat ; filter  the 
solution,  evaporate  to  the  point  of  crystallisation,  and  allow  to 

cool. 

PbC03  + 2HNO3  = Pb(N03)2  + CO.,  + H20. 


Calcium  Phosphate. — Dissolve  10  grammes  of  whiting  in 
dilute  hydrochloric  acid;  boil,  add  ammonium  hydrate  till 
alkaline ; filter,  if  necessary,  add  to  the  clear  filtrate  s0^ira 
phosphate  as  long  as  a precipitate  falls  ; filter,  wash,  and  dry 

the  precipitate. 

CaC03  + 2HC1  = CaCl2  + C02  + H,0 
3CaCl2  + 2HNa2P04  + 2AmHO  = Ca3(P04)2  + 4NaCl 
+ 2AmCl  + 2 HoO. 

Ferrous  Phosphate.— Dissolve  10  grammes  of  ferrous  sul- 
phate in  water  with  a few  drops  of  dilute  sulphuric  acid ; 
dissolve  3 grammes  of  sodium  acetate  in  hot  water  and  add  the 
solution  to  the  ferrous  sulphate..  Boil,  and  precipitate  with 
sodium  phosphate;  filter  the  precipitate,  wash,  and  div. 

3FeS04  + 2HNa2P04  + 2NaC2H302  = Fe3(P04)a  + 
3Na2S04  + 2HC2H3Oa. 
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Sodium  Sulphate. — Dissolve  10  grammes  of  washing  soda  in 
water ; add  dilute  sulphuric  acid  till  the  solution  is  neutral  to 
litmus  paper ; filter,  if  necessary ; evaporate  the  filtrate  to  the 
crystallising  point  and  allow  to  cool. 


Na2C03  + H2S04 


= Na2S04  + C02  + H20. 


Calcium  Sulphate. — Dissolve  10  grammes  of  whiting  in 
dilute  hydrochloric  acid ; filter,  if  necessary,  add  dilute  sul- 
phuric acid  to  the  filtrate  as  long  as  a precipitate  falls,  filter 
off  the  precipitate,  wash  with  a little  water  ; dry. 


CaC03  + 2HC1  = CaCl2  + C02  + H20 


CaCl2  + H2S04  = CaS04  + 2HC1. 


Magnesium  Sulphate. — Dissolve  18  grammes  of  magnesium 
carbonate  in  dilute  sulphuric  acid  ; add  2 grammes  of  magnes- 
ium carbonate;  boil  and  filter.  Evaporate  the  filtrate  to  the 
crystallising  point ; allow  to  cool. 


MgCOa  + H2S04  = MgS04  + C02  + H20. 


Zinc  Sulphate. — Dissolve  5 grammes  of  zinc  dust  or  10 
grammes  of  zinc  oxide  in  dilute  sulphuric  acid,  avoiding  an 
excess  of  acid.  Filter,  evaporate  the  filtrate  to  the  crystallising 
point,  and  allow  to  cool. 


Zn  + H2S04  = ZnS04  + H2. 


ZnO  + H2S04  = ZnS04  + H20. 


Copper  Sulphate. — Dissolve  (in  a draught  cupboard)  6 
grammes  of  copper  turnings  in  an  evaporating  dish,  in  strong 
sulphuric  acid ; the  reaction  must  be  aided  by  heat.  When  the 
metallic  copper  has  been  converted  into  a grey  powder  allow  the 
mixture  to  cool.  Cautiously  pour  off  the  excess  of  strong  sulphuric 
acid  and  pour  on  the  residue  cold  water  ; boil,  filter,  evaporate 
the  filtrate  to  the  crystallising  point  and  allow  to  cool.  The 


524 


Chemistry . 


[Part  v 


strong  sulphuric  acid  converts  the  copper  into  the  anhydrous 
copper  sulphate  (mixed  with  a little  sulphide).  This ‘is  in- 
soluble  in  the  strong  acid ; on  adding  water  the  grey  powder 

+1 Tito/0  a blue  S0lutl011  of  ordinary  copper  sulphate  (CuS04 
Cu  + 2H2S04  = CuS04  + S02  + 2H90. 


In  making  these  preparations  a little  shilling  letter-halance 
graduated  in  grammes,  and  which  has  a detachable  glass  pan’ 
is  most  useful.  It  can  be  obtained  at  most  of  the  apparatus 
&6&i6rs« 


APPENDIX 


COVERING  THE  NEW  SYNOPSES  OF  THE  CONJOINT 
BOARD  AND  THE  SOCIETY  OF  APOTHECARIES. 

In  the  new  regulations  applicable  to  those  commencing 
their  studies  on  or  after  June  1st,  1904,  the  candidate  is 
required — 

I.  — To  perform  the  analysis  of  a simple  salt,  or  a 

mixture  of  two  metals  and  one  acid,  selected  from 
a list  which  is  the  same  as  the  list  in  the  old 
synopsis  except  that 

(a)  the  metal  Tin  is  added  ; 

( b ) the  acetates,  oxalates,  tartrates,  and  cyanides  _ 
of  any  of  the  metals  may  be  given. 

(c)  Cane  sugar,  grape  sugar,  and  Urea  are  omitted ; 

the  metallic  substances  may  be  present  as 
element,  oxide,  sulphide,  a simple  salt  or  a 
mixture  ; the  acids  may  be  present  in  the 
free  state,  or  as  a simple  salt. 

II.  — To  prepare  various  compounds  in  a well  crystal- 
lised condition  ; many  of  the  old  preparations  are 
omitted,  while  Ferrous  sulphate,  Lead  acetate, 
Acid  potassium  tartrate,  and  Tartar  emetic  are 
added. 

III.  — To  estimate  the  strengths  of  solutions  of 
Potassium  or  Sodium  hydrates  by  standard 
sulphuric  acid,  and  of  dilute  hydrochloric  or 
nitric  acids  by  standard  sodium  hydrate ; also 
to  estimate  (the  strength  of)  solutions  of  oxalic 
acid  by  standard  potassium  permanganate. 

It  will  be  seen  that  under  the  new  regulations  the 
Practical  examination  is  a much  more  serious  business 
than  heretofore.  It  is  true  that  candidates  will  be 
allowed  the  use  of  books  or  tables  at  the  Practical 
examination,  but  the  student  is  most  strongly  advised 
to  learn  his  tables,  etc.,  as  if  he  does  not  know  them 
he  will  probably  lose  much  time  by  hunting  about  in 
the  books  for  what  he  wants.  The  books,  however, 
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should  be  taken  into  the  examination,  as  they  may  be 
useful  if  the  student  happens  to  forget  the  equations 
illustrating  the  chemical  reactions  involved  in  testing. 

In  the  analysis  of  a mixture  of  two  bases,  if  one  of 
the  metals  is  in  the  H2S  group  the  student  must  use 
H2S  gas  to  pp  the  metal ; the  use  of  a solution  of  H2!S 
which  answers  well  enough  with  a simple  salt  is 
impracticable  with  a mixture,  since,  in  order  to  effect 
complete  precipitation,  the  volume  of  the  fluid  would  be 
increased  to  such  an  extent  that  the  subsequent  nitra- 
tions could  not  be  effected  in  the  time  allowed. 

The  principal  difference  between  the  analysis  of  a 
simple  salt  and  a mixture  of  bases  is,  that  in  the  latter 
the  precipitates  in  the  various  groups  are  separated  off 
by  filtration,  and  the  various  precipitates  tested  as 
simple  substances,  remembering  that  each  pp  can  only 
contain  the  metals  belonging  to  that  group.  _ Thus, 
suppose  a pp  is  obtained  with  AUI2CO3,  this  pp  is  only 
tested  for  13a  (Sr)  or  Ca. 

Another  difference  is  that  the  same  solution  must  be 
used  from  beginning  to  end  ; thus  if  a pp  is  obtained 
with  HoS  this  pp  is  filtered  off  and  the  filtrate  (not  a 
fresh  solution)  used  for  the  rest  of  the  groups;  now  as 
this  filtrate  is  saturated  with  H2S  the  latter  must  be 
boiled  off,  otherwise,  on  adding  AmHO,  Am2S  would  be 
formed,  and  the  third  and  fourth  groups  would  pome 
down  together  ; in  order  to  get  rid  of  the  H;2S  the 
filtrate  is  boiled  in  a dish  for  some  minutes,  till  free 
from  that  gas.  Here  another  complication  arises:  iron 
when  present  as  a ferrous  salt  is  not  completely  precipi- 
tated by  AmHO,  so  it  must  be  converted  into  a ferric 
salt  ; this  is  effected  by  adding  some  strong  HN03  and 
boiling  for  a few  minutes. 

Lastly,  the  testing  for  potassium  in  a mixture  is 
much  more  troublesome  than  in  a simple  salt,  the  flame 
coloration  is  most  misleading,  as  various  Antimony, 
Arsenic,  and  Lead  compounds  give  a very  similar  flame 
coloration,  and  the  only  sale  way  to  test  lor  potassium 
in  a mixture  is  to  evaporate  the  filtrate  from  the 
Am^COa  group  down  to  dryness  in  a dish,  scrape  the 
residue  on  to  platinum  foil,  heat  th  s till  it  is  thoroughly 
red  hot  all  over,  to  get  rid  of  ammonium  salts,  then  dis- 
solve off  the  residue  in  a lew  drops  of  water,  pour  the 
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solution  into  a watch  glass,  and  stir  with  Platinum 
chloride  and  alcohol  in  the  usual  way. 

TABLE  FOR  THE  ANAL'i  SIS  OF  A SUBSTANCE 
CONTAINING  TWO  BASES  (TAKEN  FROM 
THE  CONJOINT  LIST). 

Dissolve^ the  substance  in  water  (or  HC1  or  HNOs) ; 
to  the  solution  add — 

HC1  (if  a pp  occurs  see  that  it  is  not  soluble  in 
# excess  of  HC1  before  proceeding), 
pp  indicates  Ag,  Hg  (ous),  or  Pb. 

Filter  off  pp  (keep  the  filtrate  “ A ”)  and  wash 
with  a little  water. 

Treat  the  pp  with  AmHO. 

pp  dissolves  = Ag.  confirm  as  on  p.  504. 
pp  turns  black  = Hg  (ous),  confirm  as  on 
p.  504. 

pp  unaltered  = Pb,  confirm  as  on  p,  504. 
Reactions  : group  pp. 

AgN03  4-  HC1  = ^gCl  + HN03 
«Hg*(N08)2  + 2HC1  = IJg2CJ.2  + 2HNO* 

calomel 

Pb(N03)2  + 2HC1  = PbClj  -f  2HN03 
Reaction  of  AmHO  on  mercurous  chloride — 

Hg2Cl2  + AmHO  = 2AmCl  + Hg20  + H20 

-n  « bl-ick  oxide 

Pass  H2S  gas  through  filtrate  “A,”  best  placed  in  a 
small  flask,  till,  after  shaking,  it  smells  strongly  of  the 
gas. 

A black  or  brown  pp  = Pb,  Hg  (ic),  Cu,  Bi,  or 
on  (ous). 

A yellow  pp  = As,  or  Sn  (ic). 

An  orange  pp  = Sb. 

kilter  off  the  pp  (keep  the  filtrate  “ B”),  wash  with  a 
little  water,  and  boil  with  KHO  (if  Sn  is  suspected  add 
A m2b)  filter  (keep  filtrate  1)  ; the  residue,  not  dissolved 
by  KHO,  may  be  HgS,  PbS,  CuS,  Bi2S3 ; boil  this  with 
a little  strong  H1S03. 

Residue  (which  settles  at  the  bottom  of  the 
tube)  is  hlack  = Hg  (ic),  confirm  as  on  pp. 
260  and  505. 

Solution  blue  = Cu,  add  AmHO,  a dark  blue 
colour,  confirm  as  on  p.  505. 
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Solution  colourless  = Pb  or  Bi,  apply  the  tests 
as  on  pp.  504  and  505. 

Filtrate  1.  Acidify  with  HC1. 

White  pp  of  sulphur  can  be  neglected. 

Yellow  pp  = Sti  S2  or  As2  S3. 

Orange  pp  = Sb2  Sa. 

Filter  off  the  pp  and  boil  with  strong  HC1  insoluble 
residue  — As,  confirm  by  bulb  tube  test,  p.  285,  and 
Reinsch  test,  p 286,  solution  of  pp  may  contain  Sb  or 
Sn.  Dilute  the  solution  and  pour  into  a dish  with  Zn 
and  Pt  foil. 

A black  stain  on  the  platinum  = Sb,  confirm 
by  Reinsch  test,  p.  294. 

A spongy  grey  mass  on  the  zinc  ==  Sn,  dissolve 
the  zinc  and  tin  completely  in  strong  HC1, 
dilute  and  add  HgCl2 ; a white  pp 
confirms  Sn  (p.  269). 

Reactions : group  pp. 

PbCl2  + PUS  ==  PbS  4-  2HC1 
Same  with  Cu,  Ilg,  and  Sn(ous) 

3BiCl3  + 3H2S  = Bi2S3  + 6HC1 
Same  with  As  and  Sb 

Through  filtrate  B pass  a little  more  H2S  to  make 
sure  that  all  the  metals  in  the  EPS  group  are  precipitated, 
place  the  filtrate  in  a dish  and  boil  vigorously  for  three 
or  four  minutes  to  drive  off  the  EPS,  then  add  a few 
drops  of  strong  HN03  and  boil;  pour  the  liquid  into 
a test  tube  and  add — 

A111CI  and  A 111  HO  until  the  fluid  smells  of  NHi 
after  mixing  ; filter  off  pp,  if  any  (keep  filtrate  C). 

Rusty  brown  pp  = Fe  ; the  original  solution 
must  be  tested,  as  on  p.  506,  to  see  if  the 
iron  is  present  as  ferrous  or  ferric. 

Colourless  gelatinous  pp,  soluble  in  KHO  = 
A1  ; filter  off  the  pp,  tear  off  the  apex  of 
the  filter,  and  after  dipping  in  dilute 
Co(N03)2,  ignite  on  Platinum  foil ; a blue 
mass  coil  firms  Al. 

A white  pp  not  soluble  in  KHO  maybe  Calcium, 
Barium,  or  Magnesium  oxalate  or  phos- 
phate ; test  for  the  acid  : 

1.  If  an  oxalate  is  found,  filter  off  the  pp 
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and  ignite  on  platinum  foil,  tliis  converts 
it  into  a carbonate  ("see  bottom  of  p.  442) 
which  can  be  dissolved  in  HC1,  and  the 
metal  tested  for  as  on  pp  506-509. 
ii.  If  a phosphate  is  found,  a careful  examina- 
tion of  the  flame  coloration,  after  moisten- 
ing with  strong  HC1,  will  generally  decide 
between  Ca  and  Ba.  See  also  note  at  the 
end  of  this  table. 

Reactions : Group  pp 

FeCl3  + 3AmHO  = Fe(HO)3  + 3AmCl 

Same  with  A1 

To  filtrate  C add  Am.2S. 

White  pp  = Zn  ; filter  off  the  pp  (keep  filtrate 
D),  scrape  off  the  pp  with  a loop  of  platinum 
wire,  moisten  with  dilute  Co(N03)2,  and 
heat  carefully  in  a Bunsen  burner;  a green 
residue  on  the  wire  confirms  Zn. 

Reaction : group  pp 

ZnC]2  + Am2S  = ZnS  + 2AmCl 

[If  the  fluid  turns  green  or  gives  a black  pp  with 

Am2S,  this  indicates  imperfect  precipitation  of  the 

metals  in  the  H2S  or  AmHO  group.] 

To  filtrate  D add  AnioCOj 

Pp  = Ca  or  Ba  ; filter  off  pp  (keep  filtrate  E), 
wash  with  water  and  pour  on  the  filter 
paper  a little  hot  dilute  HC1  ; if  necessary 
pour  the  liquid,  which  runs  through,  over  . 
the  filter  a second  time,  divide  the  solution 
into  two  parts— “a”  and  “ b ” ; to  a’’  add 
CaS04  white  pp  = Ba,  confirm  by  flame 
coloration  (p.  508). 

No  pp  with  CaS04  = absence  of  Ba  : to  “ b,”  add 
AmHO  and  Am2Co04  white  pp  = Ca, 
confirm  by  flame  coloration. 

Reaction : group  pp 

BaCl2  + Am2C03  = BaC03  + 2AmCl 
Same  with  Ga 

Confirmatory  tests  : 

BaCL  -f  CaS04  = BaS04  + CaCl2 
CaCLj  -i-  Am„C204  = CaC204  + 2AmCl 
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To  a small  portion  of  filtrate  E add  HIVa2P04,  and 
mb  the  sides  of  the  test  tube  with  a glass  rod. 

White  pp  — Mg. 

Reaction  * 

MgCl2*+  ArnHO  + HNa2P04  = MgNH4P04  + 2 AmCl 

White  pp 

Evaporate  the  rest  of  filtrate  E to  dryness,  scrape 
the  residue  on  to  platinum  foil  and  make  the  latter  red- 
hot  all  over.  Shake  the  foil  in  a test  tube  with  a little 
water  until  any  residue  on  the  foil  is  dissolved.  Pour 
nearly  all  the  solution  into  a watch  glass  and  stir  with 
Pt.CI4  and  alcohol,  a yellow  cryst.  pp  = K ; confirm,  if 
possible,  by  fiame  coloration. 

2KC1  -f  PtCl4  = K2PtCl6 

No  pp  with  PtCl4  = absence  of  K. 

The  remainder  of  the  solution  gives  an  intense  yellow- 
flame  coloration  = Na. 

Test  the  original  substance  for  ammonium  by  boiling 
with  KHO,  or  mixing  the  solid  with  a little  solid  lime 
and  water,  NH3  gas  is  evolved,  turning  moist  red  litmus 
blue  = Am. 

NH4C1  + KHO  = NH3  + KC1  + H20. 

Note  1.— If  the  pp  in  the  AmHO  group  contains  phosphoric 
acid  it  should  be  treated  as  follows  : 

Dissolve  the  pp  in  dilute  HC1,  nearly  neutralise  with 
Na2C03  solution,  add  an  excess  of  sodium  acetate 
and  a little  acetic  acid  ; FeCl3  is  then  added  till  the  fluid 
turns  yellow,  when  the  whole  is  boiled  and  filtered  (in 
this  way  the  phosphoric  acid  is  precipitated  as  Ferric 
phosphate  (FeP04)  and  the  excess  of  iron  thrown  down 
by  boiling,  as  basic  acetate).  The  filtrate  is  made  alkaline 
by  adding  AmHO,  and  again  filtered  if  necessary;  the 
filtrate  is  tested  for  Ca,  Ba,  and  Mg  as  usual. 

Iron  phosphate  can  be  detected  by  the  usual  tests,  using 
K4FeCy6  and  K3FeCy6  for  the  iron. 

Note  2.— If  a tartrate  is  found,  filtrate  B should  be  evaporated 
quite  to  dryness  with  HN03,  or  the  original  substance 
ignited  on  platinum  foil;  since  a tartrate  prevents  the 
precipitation  of  iron  by  AmHO,  and  the  iron  comes  down 
us  a black  pp  in  the  Am2S  group. 

Note  3. — Insoluble  substances  as  BaS04  should  be  fused  on 
platinum  foil  with  about  three  times  their  weight  of 
Na2C03)  the  fused  mass  extracted  with  water  and  filtered  : 
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the  filtrate  contains  the  acid  as  a sodium  salt,  and  the 
lesidue,  insoluble  in  water,  the  metal,  as  carbonate,  which 
can  be  dissolved  in  dilute  H.C1  and  tested  for  as  usual. 

BaSU4  + Na2CO?  = Na2S04  + BaCOa 
The  same  decomposition  can  be  partially  effected  by 
boiling  the  B<tS04  with  a strong  solution  of  Na2C03. 

PREPARATION  OF  CERTAIN  TYPICAL  SALTS. 

Ferrous  sulphate. — FeS04  + 7H20.  Dissolve  5 grams  of 
fine  iron  wire  or  reduced  iron  in  dilute  sulphuric  acid,  filter, 
evaporate,  and  crystallise  ; avoid  exposure  to  the  air  as  much 
as  possible. 

Fe  + H2S04  = FeS04  + H2 
Lead  Acetate. — Pb(C2H302)2  + 3H20.  Dissolve  5 grams 
of  litharge  or  lead  carbonate  by  boiling  with  acetic  acid,  filter, 
evaporate,  and  crystallise. 

PbO  -4-  2HC2H302  = Pb(C2H302)2  + H20 
Acid  tartrate  of  potassium  HK(C4H406). 
a.  Dissolve  5 grams  of  potassium  chloride  in  a small 
quantity  of  water  and  6 grams  of  tar  aric  acid  also  in  a small 
quantity  of  water,  mix  the  solutions  and  allow  to  stand;  filter 
off  the  white  pp,  and  recrystallise  from  boiling  water. 

2KC1  + H2C4H406  = 2HKC4H406 
h.  Dissolve  5 grams  of  tartaric  acid  in  water,  divide  the 
solution  into  two  equal  parts,  neutralise  one  carefully  with 
KHO,  then  mix  it  with  the  rest  of  the  tartaric  acid,  allow  to 
stand,  filter  and  recrystallise  from  hot  water. 

2KHO  + H2C4H406  = K2C4H406  + H20 
K2C4H406  + H2C4H406  =2HKC4H406 
Tartar  emetic.  2KSb0C4H406  H20.  Boil  5 grams  of 

antimony  oxide,  7 grams  of  cream  of  tartar,  and  40cc  of 
water  for  ten  minutes,  filter  through  a funnel  and  filter  paper, 
previously  warmed  by  pouring  through  them  boiling  water, 
and  allow  to  crystallise. 

Sb203  + 2HKC4H406  = 2KSb0C4H406 

VOLUMETRIC  ANALYSIS. 

Volumetric  analysis  is  so  called  because  the  quantity 
of  a substance  is  estimated  by  measuring  a certain 
volume  of  a liquid,  as  contrasted  with  gravimetric 
analysis  in  which  the  substance  is  precipitated,  filtered, 
washed,  dried,  and  weighed. 

Thus,  suppose  the  amount  of  chlorine  in  a solution 
of  salt  is  to  be  determined — 
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By  the  gravimetric  method  an  excess  of  silver  nitrate 
solution  is  added  to  a known  volume  of  the  solution  of 
salt,  all  the  chlorine  is  thrown  down  as  silver  chloride, 
this  is  filtered  off,  washed  till  free  from  silver  nitrate, 
dried,  the  filter  paper  burnt  off,  and  the  silver  chloride 
weighed.  This  procedure  obviously  takes  a considerable 
time  and  requires  a delicate  balance. 

By  the  volumetric  method  a solution  of  silver  nitrate, 
of  which  the  strength  is  accurately  known,  called  the 
standard  solution,  is  added  from  a graduated  vessel  to 
a known  volume  of  the  salt  solution  contained  in  a 
stoppered  bottle,  a precipitate  of  silver  chloride  is 
formed,  which  is  well  shaken  and  allowed  to  settle,  more 
standard  solution  is  added,  and  so  on  until  the  last 
addition  of  silver  nitrate  gives  no  precipitate  ; if  we 
know  the  volume  of  standard  solution  used,  and  its 
strength,  we  can  estimate  the  chlorine  in  about  as  many 
minutes  as  the  gravimetric  process  takes  hours. 

Suppose,  for  example,  the  standard  silver  nitrate 
solution  was  of  such  a strength  that  one  cubic  centi- 
metre would  precipitate  exactly  1 centigram  ( 01  grm.) 
of  Cl. 

50cc.  of  salt  solution  required  40cc.  of  standard  silver 
nitrate  solution  to  precipitate  all  the  Cl. 

As  lcc.  = 0 01  gram  of  Cl 

40cc.  = 0'4gramof  Cl  in  50cc.  of  the  salt  solution, 

or  ‘65  gram  of  sodium  chloride. 

The  standard  solution  can  be  made  of  any  strength, 
but  a certain  strength  is  found  to  be  particularly  con- 
venient for  ordinary  work;  this  is  the  normal  solution. 

A normal  solution  contains  the  hydrogen  equivalent 
of  the  active  substance  in  grams  per  litre  or  l,000cc. 

N 

Thus  normal  HC1,  usually  written  jHCl,  contains 

1 -f  35*5  = 36*5  grams  of  HC1  per  litre. 

^ HNOs  1 + 14  + 48  = 63  grams  of  HN03  per  litre. 


^HoGA  + 2H,0  - 
of  oxalic  acid  per  litre. 

nh,so.  2— !•— 


+ 24  + C4  + 36  _ 63  grams 


= 49  grams  of  H2S04  per  litre ; 


2 
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it.  will  be  noticed  that  the  molecular  weights  of  the 
dibasic  acids,  oxalic  and  sulphuric,  are  divided  by  2 so  as 
to  obtain  the  weights  which  contain  one  of  replaceable 
hydrogen. 

yNaHO  23  + 1 + 16  — 40  grams  of  NaHO  per 
litre. 

yKHO  39  -t-  1 + 16  = 56  grams  of  KHO  per  litre. 

?Ba(HO)3  -137  + 2 + 32  _ 85.6  grams  of  Ba(HO)3 

1 2 
per  litre. 

Very  often  the  normal  solution  is  too  strong  and  ^ 
N 

a decinormal,  or  yy  centinormal,  solution  is  employed 
instead. 

The  great  advantage  of  normal  solutions  of  acids  and 
alkalies  is  that  a litre  of  any  or  all  of  them  has  exactly 
the  same  neutralising  power,  thus — ■ 

NaHO  + HC1  = NaCl  + H20 
KHO  + HC1  ==  KC1  + H20 


i.e.  40  grams  of  NaHO  neutralise  the  same  weight  of 

HC1  as  56  grams  of  KHO,  and  these  are  the  respective 

...  N N 

quantities  contained  in  a litre  of  yNaHO  and  yKHO, 

so  that  a litre  of  normal  soda  neutralises  the  same  quan- 
tity of  acid  as  a litre  of  normal  potash. 

The  same  holds  good  with  the  acids  thus — 


NaHO  + HC1  = NaCl  + H20 
2NaHO  + H2S04  = Na2S04  + 2H20 
i.e.  36  5 grams  of  HC1  neutralise  40  grams  of  NaHO, 
and  98  grams  of  H2S04  neutralise  80  grams  of  N aHO’ 
or  49  grams  of^H2S04  neutralise  40  grams  of  NaHO! 

So  a litre  of  yH2S04  neutralises  the  same  weight  of 

N 

NaHO  as  a litre  of  ^ HC1. 

In  order  to  make  accurate  determinations  by 
volumetric  analysis  there  are  required  three  essentials  : 

1.  Accurately  graduated  vessels. 
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2.  Accurate  standard  solutions,  which  must  not  be 
too  strong. 

3.  The  change  which  denotes  the  end  of  the  reaction 
must  be  sharp  and  easily  recognised  by  the  eye. 

The  various  volumetric  processes  may  be  divided 
into  three  main  groups. 

1.  Those  in  which  one  substance  neutralises 

another  of  opposite  properties,  as  when  an 
acid  is  added  to  a base,  or  a base  to  an 
acid. 

2.  Those  in  which  a reducing  or  oxidising  agent 

of  known  strength  is  used. 

Reducing  agents  : Solutions  of  ferrous 

salts,  oxalic  acid,  sodium  thiosulphate,  etc. 

Oxidising  agents  : Potassium  permangan- 
ate, Potassium  bichromate,  Iodine,  etc. 

3.  Those  in  which  the  standard  solution  pre- 

cipitates the  substance  to  be  analysed,  as 
silver  by  solution  of  salt 

The  fluid  to  be  analysed  is  conveniently  measured  in 
a pipette  or  a measuring  flask  ; the  standard  solution  is 
delivered  from  a vertical  glass  tube  of  uniform  bore 
called  a “burette,”  which  usually  contains  50  cc.  and  is 
graduated  into  ^ of  a cc.  ; it  is  furnished  at  its  lower 
end  with  some  kind  of  tap.  The  lower  meniscus  of  the 
fluid  surface  is  usually  read,  and  the  eye  must  be  level 
with  the  meniscus  when  reading.  The  burette,  after 
thorough  washing  with  distilled  water,  should  always 
be  rinsed  out  with  a small  quantity  of  the  standard 
solution,  and  the  air  bubble  in  the  tap  washed,  out 
before  reading  ; the  graduation  at  which  the  meniscus 
stands  should  always  be  ivritten  down  before  commenc- 
ing the  analysis. 

VARIOUS  TYPICAL  ESTIMATIONS. 

1.  Estimation  of  the  strength  of  a solution  of  KHO  or 
NallO  by  standard  acid. 

, . . N N . , . . , . 

For  these  estimations  y or  -y  acid  is  employed  m 

the  laboratory,  but  in  examinations  an  acid  of  any 
strength  may  be  given  ; in  any  case  the  strength  must 
be  known. 
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10,  20,  or  50  cc.  of  the  solution  is  measured  off  in  a 
pipette  or  measuring  flask,  and  placed  in  a flask  or 
beaker;  some  substance  termed  an  “indicator”  is  then 
added, which  indicates  by  its  change  of  colour  whether  the 
solution  is  alkaline  or  acid  ; it  is  also  advisable  to  dilute 
the  solution  with  distilled  water. 

(The  indicators  employed  are — 

Litmus,  blue  with  alkalies,  red  with  acids, 

Phenolphthalein,  pink  with  alkalies,  colourless  with 
acids, 

Turmeric,  reddish  brown  with  alkalies,  pale  yellow 
with  acids, 

Cochineal,  reddish  violet  with  alkalies,  yellow  with 
acids. 

Methylorange,  yellow  with  alkalies,  red  with  acids. 
Litmus  is  not  good  when  artificial  light  is  used. 
Phenolphthalein  should  not  be  used  with  ammonia. 
Cochineal  and  Methylorange  are  not  affected  by 
carbonic  acid. 

The  standard  acid  is  added  carefully  till  the 
“indicator”  denotes  that  the  solution  is  just  acid. 
It  saves  time,  if  two  quantities  of  the  solution  can  be 
obtained,  to  run  in  the  standard  acid  in  quantities  of 
lcc.  at  a time,  so  as  to  get  a rough  idea  of  how  much 
acid  is  required,  and  then  to  repeat  the  experiment, 
running  in  of  a cc.  towards  the  end  of  the  experi- 
ment, thus — 

Suppose  25cc.  of  the  acid  failed  to  turn  the  colour  of 
the  indicator,  but  26cc.  was  obviously  too  much,  the 
experiment  is  repeated  with  the  second  half  of  the  solu- 
tion, 24'5cc.  of  tffe  acid  is  run  in  and  then  2 drops  (= 
y^cc.)  added,  at  a time,  until  the  colour  changes.  In 
this  way  an  accurate  result  can  be  obtained  without 
unnecessary  delay. 

Suppose  the  problem  was  “ To  find  the  strength  per 

N 

litre  of  a solution  of  KHO,  y acid  being  given,”  as  the 

acid  is  of  “normal”  strength  the  nature  of  the  acid, 
whether  HC1,  H.2SO-i,  etc.,  makes  no  difference. 
25cc.  of  the  KHO  solution  is  taken,  and  one  or  two 
drops  of  an  alcoholic  solution  of  phenolphthalein  added, 
the  solution  turning  pink. 
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28cc.  of  acid  failed  to  destroy  the  pink  colour,  but 
29cc.  rendered  the  fluid  colourless. 

The  experiment  is  repeated  with  a second  portion  of 
25c c.  28cc.  of  the  acid  is  run  in  at  once,  and  then  two 
drops  at  a time,  the  colour  goes  at  28'3cc. 

N 

So  28-3cc.  of  the  y acid  neutralise  25cc.  of  the  solu- 

N . N 

tion;  now28'3cc.  of  y acid  neutralise  28'3  cc.  of  yKHO 

which  contains  56  grams  in  the  litre. 

N . 56  X 28-3 

. 28'3cc.  yKkLO  contains  — yyy — = T58  grams 

of  KHO. 

And  this  is  the  quantity  in  25cc.  of  the  solution  being 
analysed  4 

As  25cc.  contain  1*58  grams 
. • . lOOOcc.  contain  63'2  grams. 

A similar  procedure  is  adopted  with  the  other  acids 
•:and  bases. 

To  take  another  example.  “ Find  the  strength  of  a 
solution  of  nitric  acid,  and  calculate  the  amount  of  water 

N N 

to  be  added  to  it  to  bring  it  to  y strength,  y NaHO 
being  provided.” 

25cc.  of  the  nitric  acid  is  taken,  phenolphthalein 

N 

added  as  before,  and  the  yNaHO  run  in  from  the 

burette  ; wdien  30cc.  has  been  added  the  solution  is  still 
colourless,  but  at  31cc.  it  is  pink.  Repeating  the  experi- 
ment with  a second  quantity  of  25cc.,  the  colour  changes 
at  30*6cc. 

N N 

Now  30'6cc.  yNaHO  neutralise  30'6cc.  of  y HN03, 

N 

and  yHN03  contains  63  grams  in  lOOOcc. 


. 63  x 30  6 

.-.  30-6  contain — yy^ = 1 *9278  grams  HN03. 

So  25cc.  of  the  solution  of  HN03  contain  R9278 
grams  HNO:i,  and  lOOOcc.  of  the  solution  of  HN03  con- 
tain 77 '112  grams  HN03. 
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Again, -^'HNOa  contains  63  grams  in  lOOOcc.  and 

. , . 1000  X 77'112  _ 

77112  grams  would  be  contained  in  gg 

1224cc. 

So  224cc.  of  water  must  be  added  to  1 litre  of  this 
HNCb  to  reduce  it  to  normal  strength. 

OXIDATION  BY  KMn04. 

The  process  of  oxidation  by  a solution  of  potassium 
permanganate  can  be,  at  first,  most  profitably  studied 
with  the  ferrous  salts. 

The  reaction  is  represented  by  the  equation— 
10FeSO4  + 9H2S04  -f  2KMn04  = 5Fe2  (S04)3 
+ 2 MnS04  + 2HKS04  + 8H,0. 

It  will  be  seen  that  in  the  above  equation  10  atoms 
of  iron  are  oxidised  to  the  ferric  state  by  2 molecules  of 
potassium  permanganate,  or  1 molecule  of  KMn04 
oxidises  5 atoms  of  Fe  : now,  two  atoms  of  iron  in  the 
ferrous  state  require  1 atom  of  oxygen  to  convert  them 
into  the  ferric  condition,  thus 

2FeO  + O = Fe203, 

and  1 atom  of  Oxygen  is  equivalent,  as  regards  valency, 
to  2 atoms.of  Hydrogen. 

So  that,  as  far  as  the  above  equation  is  concerned, 

1 atom  of  O oxidises  2 atoms  of  Fe  = 2 atoms  of  H. 

. * . 1 molecule  of  KMn04  oxidises  5 atoms  of  H, 
and  the  weight  of  KMn04  (the  hydrogen  equivalent) 

N 

required  to  form  a y solution  of  KMn04  is  one-fifth  of 

39  _j_  55  -j-  04 

its  molecular  weight  = — y = 3 1 '6  grams. 

N . . 

So  ysolution  of  KMn04  contains  3D6  grams  in  the 

litre. 

Ordinary  ferrous  sulphate,  FeS04  4-  7H..O,  is  apt 
to  oxidise  on  keeping,  so  the  ferrous  ammonium  sul- 
phate FeS04  + Am2S04  + 6H20,  which  keeps  well,  is 
preferable. 
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Suppose  the  strength  of  a KMn04  solution  is  to  be 
determined — 

0’7  gram  of  the  above  salt  (after  powdering  and 
pressing  between  filter  paper)  is  weighed  out  and  dis- 
solved in  about  200cc.  of  distilled  water  which  has 
been  previously  boiled,  to  free  it  from  air,  and  acidulated 
with  H2S04. 

The  KM11O4  is  run  in  from  a burette,  as  before,  until 
the  solution  turns  pink,  i.e.  until  all  the  iron  has  been 
oxidised  and  the  KMn04  is  no  longer  decolorised. 

Suppose  18cc.  are  required  to  produce  a pink 
colour  : 

FeS04  + (NH4)2  S04  + 6H20  = 56  + 32  + 64  + 36  + 
32  + 64  + 108  = 392  ; so  392  grams  of  the  sulphate 
contain  56  grams  of  Fe, 

'7  x 56 

and  '7  gram  contains  — 399“  — 0T  Jbe. 

. ’.  18cc.  oxidise  0T  gram  of  Fe  from  the  ferrous  to 

the  ferric  state,  and  lcc.  oxidises  — = ’00555  gram  of 

18  S 

Fe;  the  solution  is  therefore  slightly  weaker  than 

N 

decinormal  — , lcc.  of  which  would  oxidise  0056  grams 
10 

of  Fe. 

If  the  strength  of  the  KMnO-t  solution  is  known,  it 
can  be  used  to  determine  the  amount  of  iron  in  any 
substance  containing  that  metal,  but  the  iron  must  be 
in  the  ferrous  state  ; if  it  is  present  as  ferric  iron  it  must 
be  reduced  by  nascent  hydrogen  (Zinc  and  Sulphuric 
acid)  or  by  passing  S02  gas,  etc , until  the  solution  is 
colourless. 

As  an  example  0’5  gram  of  an  iron  ore  was  dissolved, 
the  solution  reduced  with  zinc,  the  excess  of  zinc 
removed, 

N 

the  solution  required  42cc.  of  KM11O4  to  turn  it 


pink. 


N 


lcc.  of  ^ KM11O4  oxidises  *0056  gram  Fe. 


N . . 

42cc.  of  Yq  KMnOi  oxidise 


•2352  gram  Fe. 
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•2352  x 100 
•5 


47'04 


So  the  ore  contained  in  100  parts 
% Fe. 

KMn04  solution  has  the  disadvantage  that  it  cannot 
be  used  in  the  presence  of  HC1 ; it  is  also  reduced  by 
organic  matter. 

ACTION  OF  POTASSIUM  PERMANGANATE  ON 

OXALIC  ACID. 

The  reaction  between  KMn04  and  H2C204  is  repre- 
sented by  the  equation 

5iH2C204  +2H20)  + 2KMnO<  + 3H2  S04  = 

10  C02  T-  K0SO4  P 2 MnS04  P 18  H20. 

Two  molecules  of  KMn04  oxidise  5 molecules  of 
Oxalic  acid,  which  crystallises  with  2 molecules  of  water. 

Two  molecules  of  KMn04  evolve  5 atoms  of  oxygen 
(see  oxidation  of  Fe  by  KMn04,  p.  524m).  So  one  atom 
of  oxygen  oxidises  one  molecule  of  oxalic  acid. 

H2G204  + 2H20  + O = 2C02  + 3H20 
N 126 

and  ~y  oxalic  acid,  i.e.  -y  = 63  grams  to  the  litre,  will 

N 

be  exactly  oxidised  by  an  equal  volume  of  y perman- 
ganate, containing  31 '6  grams  in  the  litre,  because  31'6 
grams  of  KMn04  evolve  8 grams  of  Oxygen  (see  equation 
on  p.  524m',  which  oxidise  half  a molecular  weight  or  63 
grams  of  Oxalic  acid,  as  seen  in  the  equation  above. 

As  an  example,  take  the  following  problem  : — “Find 

N 

the  strength  of  a solution  of  oxalic  acid,  y KM11O4  being 
given.” 

50cc.  of  the  oxalic  acid  solution  is  taken,  acidified 
with  sulphuric  acid,  and  heated  to  about  60°O.  (as  the 

N 

reaction  does  not  start  at  once  in  the  cold)  yKMn04 

is  added  till  the  fluid  is  just  pink. 

' N 

Suppose  45cc.  of  the  y KMn04  is  required,  45cc.  of 
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-jKMn04  will  just  colour  45cc.  of  — H2C204  which 
contains  45  X ’063  = 2'83  grains. 

50cc.  of  the  solution  given  therefore  contain  2 ‘83  grams, 
and  lOOOcc.  of  the  solution  given  contain  56‘6‘  grams  of 
crystallised  Oxalic  acid,  H2(J204  + 2H20. 

For  some  purposes  a solution  of  potassium  bi- 
chromate is  preferable  to  a solution  of  potassium  per- 
manganate, since  it  is  not  affected  by  the  presence  of 
hydrochloric  acid  or  organic  matter.  The  reaction  is 

6FeCl2  + K0O2O7  + 14HC1  = 6F  eCls  + 2KC1 
+ CroCl6  + 7H20 

1 molecule  of  K2Cr207  oxidises  6 atoms  of  Fe. 

c,  NT^  ^ . 78  + 10T8  + 112 

bo  y-K2(Jr207  contains  g = 49 -13 

grams  in  lOOOcc. 

There  is  no  marked  change  of  colour  when  the  iron  is 
completely  oxidised  with  HC1  and  K2Cr207,  so  that  the 
solution  is  tested  for  the  presence  of  a ferrous  salt  by 
withdrawing  from  time  to  time  small  drops  of  the  liquid 
and  mixing  them  on  a white  plate  with  drops  of  a weak, 
freshly-made  solution  of  potassium  ferricyanide  ; as  long 
as  any  ferrous  salt  remains,  the  mixture  turns  blue,  but 
as  soon  as  the  oxidation  is  complete  no  colour  is 
produced  on  mixing  the  drops.  Hydrochloric  acid  is 
used  to  acidify  the  solution  instead  of  sulphuric  acid, 
in  other  respects  the  estimation  of  ferrous  iron  by 
bichromate  can  be  carried  out  as  described  under 
potassium  permanganate. 
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Detection  of,  103 

, Estimation  of,  103 

j Sources  of,  102 

in  blood,  78 

, removal  from  air,  78 

disulphide,  163 

monoxide,  156 

, Preparation  of,  156 

, Properties  of,  157 

, Tests  for,  158 

oxychloride,  162 

Carbonate  of  ammonium,  124 

of  barium,  239 

of  bismuth,  296 

of  calcium,  237 

of  iron,  302,  313 

of  lead,  276 
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Carbonate  of  lithium,  231 

of  magnesium,  244 

of  potassium,  213,  214 

of  sodium,  224 

of  zinc,  250 

Carbonates,  Radicle  of,  35 
Carbonic  acid,  161 

gas,  158 

anhydride,  158 

oxide,  156 

Carbonyl  chloride,  162 
Carboxyl  group,  3S2,  428 
Carburetted  hydrogen,  Heavy,  389 

, Light,  3S6 

Carlsbad  water,  91 
Carnallite,  213 
Cast  iron,  302 
Catechol,  452 
Cathartic  acid,  474 
Caustic  potash,  214 

soda,  224 

Cellulose,  420 
Cement,  Portland,  236 

, Roman,  236 

Cementation  process,  306 
Chalk,  237 

, French,  166 

, Prepared,  237 

Chalk-stones,  462 
Champagne,  403 
Charcoal,  Animal,  154 

, Wood,  154 

Cheltenham  waters,  91 
Chemical  attraction,  6 

combination,  Laws  of,  19 

, 1st  law  of,  19 

, 2nd  law  of,  20 

, 3rd  law  of,  21 

and  heat,  7 

compounds,  5 

, distinction  from  mix- 
tures, 5 

equations,  Examples  of,  51 — 62 

, Varieties  of,  51 

, Writing  of,  51 

problems,  481 — 502 

Chemistry,  Definition  of,  9 

-,  Inorganic,  63 

Chili  saltpetre,  148 
China  clay,  166 
Chloral,  410 

hydrate,  412 

Cldorate  of  potassium,  140 
Chlorates,  Radicle  of,  35 
Chloric  acid,  140 
Chloride  of  aluminium,  266 

of  ammonium,  123 

• of  antimony,  29° 

— — of  arsenic,  2.SJ 

I I 


Chloride  of  barium,  240 

of  calcium,  236 

of  ethyl,  405 

of  gold,  333 

of  iron,  313,  315 

of  lime,  138 

of  mercury,  256 

of  methyl,  399 

of  platinum,  333 

of  sodium,  222 

of  sulphur,  205 

of  tin,  268 

of  zinc,  249 

Chlorides,  Radicle  of,  35 
Chlorinated  bodies,  138 

lime,  138 

potash,  139 

soda, 139 

Chlorine,  127 

action  on  alcohol,  404 

as  a disinfectant,  131 

as  a supporter  of  combustion, 

130 

, Compounds  of  oxygen  and, 

135 

, estimation  in  organic  com- 
pounds, 352 

monoxide,  136 

, Oxyacids  of,  137 

peroxide,  136 

, Preparation  of,  127 

, Properties  of,  129 

, Tests  foi,  132 

tetioxide,  136 

Chloroform,  412 

, Silicon,  165 

Choke-damp,  161 
Chromates,  Radicle  of,  35 
Chrome  alum,  265,  299 

iron  ore,  298 

red,  277 

yellow,  277 

Chromic  acid,  299 

anhydride,  299 

Chromium,  298 

oxides,  299 

, Test  for,  300 

Cinnabar,  251 
Citrates,  Radicle  of,  35 
Citric  acid,  446 
Claret,  403 

Classification  of  the  elements,  206, 
208 

Clay,  166 

, China,  166 

ironstone,  302 

Coal,  155 
gas,  392 

, Composition  of,  393 
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Cobalt,  B20 
Codeine,  469 
Cohesion,  1 
Colcotliar,  311 
Collodion,  420 
Colocynthin,  475 
Combustion,  67 

, Supporter  of,  67 

Compound,  Definition  of,  9 
Compounds,  Molecules  of,  16 
Concrete,  236 
Condy’s  green  fluid,  21S 

red  fluid,  219 

Conine,  466 

Constitutional  formula?,  355 
Copper,  321 

aceto-arsenite,  282 

, Action  of  acids  on,  323 

alloys,  323 

arsenite,  282,  283 

, Natural  compounds  of,  321 

nitrate,  326 

oxides,  324 

oxyacetate,  326 

, Preparation  of,  321 

, Properties  of,  322 

pyrites,  321 

sulphate,  325 

, Tests  for,  326 

Copperas,  312 
Coral,  233 

Corrosive  sublimate,  256 
Cotton-wool,  420 
Cream  of  tartar,  444 
Creasote,  433 
Crith,  67 
Crocus,  31 1 
Cryolite,  263,  264 
Cupel lation  process,  271 
Cupfic  oxide,  324 
Cuprous  oxide,  324 
Cuprum,  13 

Cyanate  of  ammonium,  373 
— of  potassium,  372 
Cyanates,  Radicle  of,  34 
Cyanide  of  ethyl,  371 

of  methyl,  371 

of  potassium,  365 

Cyanides,  Alcoholic,  371 

, Radicle  of,  34 

Cyanogen,  363 
— j Preparation  of,  363 

, Properties  of,  363 

, Tests  for,  363 


Dalton’s  atomic  hypothesis,  15,  22 
Deacon's  process,  129 
Decay,  339 


Deliquescence,  87 

Depression  of  the  freezing  point, 
45  B59 

Destructive  distillation,  338,  392, 
398,  432 
Dextrin,  419 
. Test  for,  420 
Dextrose,  424 

Diabetic  urine,  Test  for  sugar  in, 
424 

Dialyzed  iron,  310 
Diamond,  153 
Dibasic,  Meaning  of,  36 
Diffusion  experiment,  101 

of  gases,  69 

, Graham’s  law  of,  70 

Digitalin,  475 
Di-methyl  ketone,  399 
Di-nitrocellulose,  420 
Di-saccharoses,  417 
Distillation,  Destructive  or  dry, 
33S,  392,  39S,  432 

, Fractional,  386,  402 

Dolomite,  242 
Donovan’s  solution,  2S5 
Drinking  waters,  Sources  of,  87 
Dry  distillation,  338,  392,  398,  402 
Dumas’  composition  of  water,  86 

estimation  of  nitrogen,  350 

Dutch  liquid,  390 

metal,  323 

Dyad  elements,  23 
Dynamite,  416 


Earthenware,  167 

, Glaze  of,  167 

Effervescing  medicine,  229 
Efflorescence,  S7 
Electrolysis  of  water,  74 
Element,  Definition  of,  9 
Elements,  Symbols  of,  10,  13,  14 

, Gaseous,  11 

, Liquid,  11 

, List,  of,  10 

, Molecules  of,  44 

, Solid,  11,  12 

Emerald  green,  2S2 
Emery  powder,  263 
Empirical  formula?,  354 
Ems  water,  91 
Emulsin,  453 
Endothermic  bodies,  7,  8 
Epsom  salts,  243 

, distinction  from  oxalic 

acid,  244 

, ziuc  sulphate, 

214 

water,  91 
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Equations,  Classification  of,  51 

, Examples  of,  51 — G2 

— , Varieties  of,  52 

, Verification,  57 

, Writing  of,  58 

Equivalent  weight,  40,  47 
Essence  of  mirbane,  450 
Esters,  3S1 
Etching  on  glass,  152 
15  thane,  38S 
Etliene,  3S9 

Glycol,  415 

Ether,  406 

, Acetic,  40S 

, Nitrous,  407 

Ethereal  salts,  381 
Etherification  process,  406 
Ethers,  381 
Ethiop’s  mineral,  260 
Ethyl  acetate,  408 

alcohol,  401 

chloride,  405 

cyanide,  371 

ether,  406 

hydrosulphide,  409 

iodide,  405 

mercaptan,  409 

nitrite,  407 

Ethylene,  389 

Eudiometric  analysis  of  air,  99 
Exothermic  bodies,  7 


Fats,  436 
Fatty  acids,  428 

— general  reactions  of,  429 
Feliling’s  solution,  425 

test,  425 

Felspar,  167 

Ferment,  Nitrifying,  116 
Fermentation,  339 

, Lactic  acid,  439 

Ferments,  339 
Ferric  acetate,  316 

chloride,  315 

hydrate,  310 

— nitrate,  316 
oxide,  311 

salts,  Tests  for,  319 

sulphate,  316 

Ferricyanide  of  potassium,  370 
Ferrocyanide  of  potassium,  364 
Ferrocyanides,  Raaicle  of,  35 
Ferrous  arseniate,  315 

carbonate,  302,  313 

chloride,  313 

iodide,  314 

phosphate,  314 

salts,  Tests  for,  318 


Ferrous  sulphate,  312 

sulphide,  314 

Ferrum,  13 
Fire-damp,  386 
Flame,  Structure  of,  393 
Flint,  165 

i Fluor  spar,  152,  234 
Fluoric  acid,  152 
Fluorides,  Radicle  of,  35 
Fluorine,  151 
Formates,  Radicle  of,  35 
Formic  acid,  430 
Formula,  Definition  of,  38 
Formula;,  38—42 

, Calculation  of,  353 

, Constitutional,  355 

, Construction  of,  39 

— — , Empirical,  354 

, Molecular,  354 

, Rational,  355 

Fowler's  solution,  282 
Fractional  distillation,  386,  402 
French  chalk,  166 
Fur  in  boilers,  88 
Fusel  oil,  414 


Galena,  270 
Gallic  acid,  457 
Galvanised  iron,  248 
Gas  flame,  Structure  of,  393 
Gaseous  elements,  11 
Gases,  1,  2 

, Diffusion  of,  69 

■,  Molecular  weights  of,  43 

, Specific  gravities  of,  43 

German  silver,  248 
Gin,  403 

Glacial  acetic  acid,  433 

phosphoric  acid,  ISO 

I Glass,  166 

, Bottle,  166 

, Coloured,  167 

, Crown,  166 

, Crystal,  167 

, Etching  on,  152 

, Flint,  167 

, Hard,  166 

, Potash,  166 

, Soluble,  167 

, Soda, 166 

, Window,  166 

Glauber’s  salts,  226 
Glaze,  167 
Glucose,  424 

, Constitution  of,  424,  426 

, Properties  of,  424 

, Test  for,  424 

Glucosides,  474 
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Glycerine,  415 
Glyceryl  oleate,  437 
— — palmitate,  437 

stearate,  437 

Glycine,  4G2 
Glycoeholic  acid,  403 
Glycocine,  462 
Glycocoll,  462 
Glycogen, 419 
Glycol,  415 
Gold,  332 

, Alloys  of,  332 

chloride,  333 

Goulard  water,  275 
Graham’s  law,  70 
Graphite,  154 
Green  copperas,  312 

vitriol,  312 

Guaiacol,  477 
Gun-cotton,  420 
Gun-metal,  323 
Gypsum,  233 


Haematite,  301 
Halogen  elements  127 
Haloid  ethers,  382 
Hard  water,  88 

Hardness  of  water,  Permanent,  89 

, Temporary,  S 

Harrogate  water,  91 

Hartshorn,  Spirit  of,  120 

Heat  from  chemical  combination,  7 

combustion,  7,  8 

Heat,  Latent,  4 
Heavy  spar,  239 
Hexad  elements,  23 
Hippuric  acid,  455,  463 
Hock,  403 

Hofmann,  composition  of  water,  S5 
Homologous  series,  3S0 
Hydrargyrum,  13 
Hydrates,  Preparation  of,  211 
Hydrazine,  125 
Hydriodic  acid,  149 

— 1 , Preparation  of,  149 

, Tests  for,  150 

Hydrobromic  acid,  144 

, Preparation  of,  144 

, Tests  for,  145 

Hydrocarbons,  379,  3S5 
Hydrochloric  acid,  132 

, Preparation  of,  132 

, Properties  of,  134 

, Tests  for,  134 

Hydrocyanic  acid,  367 

—i , Antidote  for,  368 

Preparation  of,  367 

, Properties  of,  368 


Hydrocyanic  acid,  Test  for,  369 
Hydrofluoric  acid,  151 
Hydrogen,  63 

, estimation  in  organic  com- 
pounds, 341 

, occurrence  in  nature,  63 

, Preparation  of,  64,  65,  66 

- — , Properties  of,  66 

, Test  for,  70 

dioxide,  92 

, Preparation  of,  92 

, Properties  of,  93 

, Test  for,  94 

peroxide,  92 

persulphide,  203 

Hydroquinone,  452 
Hydroxides,  Preparation  of,  211 
Hydroxylamine,  125 
Hypnone,  477 
Hypobromite  of  soda,  146 
Hypochlorites,  Radicle  of,  35 
Hypochlorous  acid,  137 

anhydride,  136 

Hypopliosphites,  181 
Hypophosphorous  acid,  1S1 
Hyposulphite  of  soda,  203 


Iceland  spar,  233 
Iehthyol,  477 
Impurities  of  the  air,  104 
Indican,  475 
Infusorial  earth,  165 
Inorganic  chemistry,  63 
Iodates,  Radicle  of,  35 
Iodic  acid,  150 
iodide  of  arsenic,  2S5 

of  ethyl,  405 

of  iron,  314 

of  lead,  277 

of  mercury,  257,  258 

of  methyl,  399 

of  nitrogen,  151 

of  potassium,  217 

Iodine,  146 

, Chlorides  of,  150 

in  sea-weeds,  147 

, Occurrence  in  nature  of,  147 

, Preparation  of,  147 

, Properties  of,  148 

, Purification  of,  148 

, Tests  for,  149 

Iodoform,  413 
Iodol,  477 
Iron,  301 

acetate,  316 

Action  of  acids  on,  309 

alum,  265 

and  ammonium  citrate,  310 
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Iron  and  quinine  citrate,  311 

arseniate,  315 

, Atomicity  or  quantivaleuce 

of,  30 

carbonate,  302, 313 

, Cast,  302 

, Chlorides  of,  313,  315 

, Dialysed,  310 

, Galvanised,  248 

hydrate,  310 

iodide,  314 

, Magnetic  oxide  of,  311 

, Natural  compounds  of,  301 

nitrate,  316 

ore,  Magnetic,  301 

, Spathic,  302 

, Oxides  of,  309,  311 

peracetate,  316 

perchloride,  315 

pernitrate,  316 

persulphate,  316 

phosphate,  314 

, Pig,  305 

, Preparation  of,  302 

, Properties  of,  302,  307 

protosulphate,  312 

pyrites,  302 

, Red  oxide  of,  311 

, Reduced,  308 

Scale  compounds  of,  310 

, Sulphates  of,  312,  316 

, Sulphides  of,  302,  314 

, Tartarated,  311 

, Tests  for,  318 

, Wrought,  302,305 

Ironstone,  Clay,  302 
Isomeric  bodies,  361 
Ivory-black,  154 


Jalapin,  475 
Jasper,  165 


Kalium,  13 
Kaolin,  166 

Kekule’s  formula  for  benzene,  447 
Kelp,  147 

Kermes,  Mineral,  293 
Kerosene,  386 
Ketones,  383,  399 

Kjeldahl  estimation  oi  nitrogen, 
350 


Lactic  acid,  439 

fermentation,  439 

Lactose,  423 
Lievulose,  425 


Lampblack,  154 
Latent  heat,  4 
Laughing  gas,  106 
Laws  of  chemical  combination,  19, 
20,  21 
Lead,  270 

acetate,  275 

, Action  of  acids  on,  273 

-,  Action  of  water  on,  272 

carbonate,  276 

chromate,  277 

dioxide,  274 

in  drinking-waters,  272 

iodide,  277 

, Natural  compounds  of,  270 

nitrate,  275 

oxide,  273 

, Oxides  of,  273 

oxyacetate,  275 

peroxide,  274 

, Preparation  of,  270 

, Properties  of,  272 

, Puce-coloured  oxide  of,  274 

, Red  oxide  of,  274 

, Sugar  of,  275 

, Tests  for,  277 

, White,  276 

Leamington  water,  91 
Leblanc  process,  224 
Lepidolite,  231 
Leucine,  464 
Lignin,  420 
Lime,  234 

, Carbonate  of,  237 

, Slaked, 234 

Lime-kiln,  235 
Lime-liglit,  68 
Limestone,  233 
Lime-water,  235 

, Saccharated,  235 

Liquid  elements,  1 L 
Liquids,  1,  2 

, Porosity  of,  3 

Litharge,  273 
Lithia  water,  231 
Lithic  acid,  461 
Lithium,  231 

bicarbonate,  231 

carbonate,  231 

citrate,  232 

, Natural  compounds  of,  230 

, Tests  for,  232 

Litre,  503 
Loadstone,  301 

Lucifer  matches,  Phosphorus  in,  175 


Magnesia,  243 
, Heavy,  243 


534 


Chemistry. 


Magnesia,  Light,  243 
Magnesite,  242 
Magnesium,  242 
bicarbonate,  244 

■  carbonate,  244 

citrate,  245 

group  of  metals,  2(32 

metal,  243 

, Natural  compounds  of,  242 

oxide,  243 

sulphate,  243  ■» 

, Test  for,  245 

Magnetic  iron  ore,  301 
Malachite,  321 
Malic  acid,  443 
Maltose,  423 
Malvern  water,  91 
Manganese,  300 

, Black  oxide  of,  300 

chloride,  301 

sulphate,  300 

, Tests  for,  301 

Marble,  233 

Marsh  gas,  3S6 

Marsh’s  test,  287 

Massicot,  273 

Matches,  Safety,  175 

Matlock  water,  91 

Matter,  Change  of  form  of,  3 

, Forms  of,  1 

Measures,  503 
Mcconic  acid,  468 
Meerschaum,  166 
Mcndcljeeff's  periodic  law,  207 
Mercaptan,  409 
Mercuric  chloride,  256 

cyanide,  259 

iodide,  257 

■  nitrate,  258 

■  olcate,  260 

•  oxide,  71,  253 

•  salts,  Tests  for,  260 

— — - sulphate,  255 

sulphide,  260 

Mercurous  chloride,  256 

iodide,  258 

nitrate,  259 

oxide,  254 

salts,  Tests  for,  262 

sulphate,  255 

Mercury,  251 

, Action  of  acids  on,  252 

, Ammoniated,  259 

bichloride,  256 

. biniodide,  257 

■  , Black  oxide  of,  254 

■  , Chlorides  of,  256 

cyanide,  259 

, Crcen  iodide  of,  258 


Mercury,  Iodides  of,  257,  25S 

, Natural  compounds  of,  251 

, Nitrates  of,  258,  259 

, Oleate  of,  260 

, Oxides  of,  253,  254 

perchloride,  256 

, Preparation  of,  251 

, Properties  of,  252 

, Red  iodide  of,  257 

, Red  oxide  of,  253 

subchloride,  256 

, Sulphates  of,  255 

sulphide,  260 

, Tests  for,  260 

, Yellow  oxide  of,  254 

Metaboracic  acid,  169 
Metaboric  acid,  169 
Metapliosphoric  acid,  179 
Metals,  Classification  of,  207 

, List  of,  10 

, Noble,  334 

, Occurrence  of,  210 

of  the  alkalies,  212  — 222 

of  the  alkaline  earths,  2i33, 

239,  240,  242 

Preparation  of,  210,  211 

-,  Properties  of,  11,  209 

Methane,  386 
Methyl  alcohol,  398 

chloride,  399 

cyanide,  371 

ether,  399 

iodide,  399 

oxide,  399 

Methylated  spirit,  398 
Methylbenzene,  450 
Methylsulphuric  acid,  399 
Meyer’s,  V.,  apparatus  for  vapour- 
density,  357,  358 
Mica,  263 

Microcosmic  salt,  227 
Milk  of  sulphur,  1S9 
Mineral  rouge,  311 

waters,  91 

, Alkaline,  91 

, Aperient  saline,  91 

, Calcareous,  91 

, Chalybeate,  91 

, Sulphuretted,  91 

Minium,  274 

Mirbane,  Essence  of,  450 
Mixtures,  5 

, distinction  from  compounds, 

5 

Molecular  formulae,  43,  354,  357, 
359 

weight,  45 

, Calculation  of,  43,  45 

Molecules,  15,  42,  44 
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Molecules  of  compounds,  15,  44 

of  elements,  15,  44 

of  metals,  210 

Monad  elements,  23 
Monobasic,  Meaning  of,  36 
Morphia,  467 
Morphine,  467 

acetate,  46S 

hydrochlorate,  463 

, Tests  for,  46S 

Mortar,  235 

Multiple  proportions,  Combination 
in,  20 

Muntz  metal,  323 
Muriatic  acid,  132 
Muscarin,  466 
Myronic  acid,  475 


Naphtha,  “Wood,  398 
Naphthalene,  478 
Naphthol,  478 
Natrium,  13 
Nessler’s  solution,  258 

test,  122,  25S 

Newland’s  law  of  Octaves,  206 
Nickel,  320 

plating,  320 

Nicotine,  472 

Nitrate  of  ammonium,  107,  124 

of  barium,  240 

of  bismuth,  295 

of  copper,  326 

of  iron,  316 

of  lead,  275 

of  mercury,  258,  259 

of  potassium,  116,  216 

of  silver,  330 

of  sodium,  14S,  222 

Nitrates,  116 

in  drinking  waters,  116 

, Natural  production  of,  116 

, Radicle  of,  34 

Nitre,  116 
— — , Cubic,  222 
Nitric  acid,  114 

, Action  on  metals  of,  61, 

62,  115 

, Fuming,  115 

, Preparation  of,  114 

, Properties  of,  115 

, Tests  for,  115 

, Yellow,  115 

Nitric  anhydride,  113 

peroxide,  112 

Nitrifying  ferment,  116 
Nitrites,  Radicle  of,  34 
Nitrobenzene,  450 
Nitrobcnzol,  450 


Nitrogen,  95 

, estimation  in  organic  com- 
pounds, 347,  348,  350 
- — - of  the  air,  9S 

group  of  elements,  185 

, Preparation  of,  95,  96 

, Properties  of,  97 

, Test  for,  97 

dioxide,  108 

, Preparation  of,  108 

r- , Properties  of,  109 

, Test  for,  110 

iodide,  150 

monoxide,  106 

, Preparation  of,  106 

, Properties  of,  107 

, Test  for,  10S 

, Oxides  of,  106 

pentoxide,  113 

, Preparation  of,  113 

, Properties  of,  114 

tetroxide,  112 

, Preparation  of,  112 

, Properties  of,  112 

trioxide,  110 

, Preparation  of,  110 

, Properties  of,  111 

Nitroglycerine,  416 
Nitrous  acid,  111 

anhydride,  110 

ether,  407 

oxide,  106 

Non-metals,  List  of,  10 
Nordhausen  sulphuric  acid,  199 


Oil  of  bitter  almonds,  453 

, Artificial,  450 

of  vitriol,  198 

Olefiant  gas,  389 
Olefine  series,  389 
Olefines,  389 
Olein,  437 
Oolite,  233 
Opal,  165 

Opium,  Detection  of,  468 
Organic  acids,  382,  428 
bodies,  335 

compounds,  Classification  of, 

379 

, Definition  of,  335 

, Estimation  of  carbon 

and  hydrogen  in,  341 

, estimation  of  chlorine 

in,  352 

, of  nitrogen  in,  347 

, of  sulphur  in,  352 

radicles,  336 

Organised  bodies,  337 
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Orpi merit,  279 

Ortho,  meta,  and  para  compounds, 
4 4S,  452 

Orthopliosphoric  acid,  177 
Oxalate  of  ammonium,  125  ■ 
Oxalates,  Radicle  of,  35 
Oxalic  acid,  441 

, Tests  for,  443 

Oxatyl  radicle,  382 
Oxide  of  aluminium,  264 

of  antimony,  291 

of  barium,  239 

of  bismuth,  295 

of  calcium,  234 

of  chromium,  299 

of  copper,  324 

of  iron,  309,  33.1 

of  lead,  273 

■ of  magnesium,  243 

of  manganese,  300 

of  mercury,  253,  254 

of  silver,  330 

of  tin,  26S 

of  zinc,  249 

Oxides,  Acid,  78 

, Rasic,  78 

, Neutral,  78 

. , Preparation  of,  21  i 

of  chlorine,  135 

of  nitrogen,  106 

Oxygen,  71  _ 

and  respiration,  <7 

, Discovery  of,  71 

in  the  blood,  77 

, occurrence  in  nature,  71 

of  the  air,  99 

, preparation  by  baryta  pro- 
cess, 75 

( by  chlorine  process,  75 

) by  electricity,  74 

, — from  air,  75 

from  water,  74,  75 

, of,  71-75 

, Properties  of,  76 

, solubility  in  water,  77 

, Test  for,  77 

Oxygenated  water,  92 
Ozone,  78 

, Constitution  of,  82 

in  the  air,  78,  104 

, Detection  of,  80 

, Preparation  of,  79 

, , Properties  of,  80 

. , Tests  for,  80 


Palmitin,  437 
Paraffin  series,  385 
Paraffins,  379 


Paraffins,  occuirence  in  nature,  385 
Paraldehyde,  410 
Parkes’  process,  272 
Pattinson’s  process,  271 
Pearl  ash,  213 

white,  296 

Peat,  155 

Pentad  elements,  23 
Perchloric  acid,  141 
Periodic  law,  206 
Permanent  hardness  of  water,  S9 
Peroxide  of  hydrogen,  92 
Persulphide  of  hydrogen,  203 
Petalite,  230 
Petroleum,  385 

ether,  386 

light,  386 

Pewter,  267 
Phcnacetine,  478 
rhenic  acid,  450 
Phenol,  450 
Phcnylacetamide,  476 
Phenylamine,  460 
Phosgene  gas.  162 
Jfhospnate  ot  calcium,  237 

of  iron,  314 

of  sodium,  227 

and  ammonium,  227 

Phosphates,  Radicle  of,  35 
Phosphine,  182 
Phosphoretted  hydrogen,  1S2 

, Gaseous,  1S2 

, Liquid,  1S3 

Phosphoric  acid,  177 

, Preparation  of,  177 

, Tests  for,  178 

, Glacial,  180 

anhydride,  177 

chloride,  1S4 

Phosphorite,  172 
Phosphorous  acid,  180 

anhydride,  176 

chloride,  1S3 

Phosphorus,  172 

, Allotropic  forms  of,  173 

Amorphous,  175 

, Di-iodide,  1S5 

in  animal  tissues,  172 

in  plants,  172 

, Ordinary,  173 

, Oxides  of,  176 

, Pentabromide  of,  1S5 

, Pentachloride  of,  1S4 

, Pentoxide  of,  177 

, Properties  of,  174,  175,  176 

, Red,  175 

, Tribromide  of,  185 

, Trichloride  of,  1S3 

, Tri-iodide  of,  185 
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Phosphorus,  Use  in  lucifer  matches 
of,  175 

• , Tellow,  173 

Picric  acid,  452 
Pig  iron,  305 
Plaster  of  Paris,  233 
Platinum,  333 

chloride,  333 

, Spongy,  333 

Plumbago,  154 
Plumbum,  13 
Polymeric  bodies,  362 
Porcelain,  167 

, Glaze  of,  166 

Porosity  of  liquids,  3 

of  solids,  2,  3 

Port,  403 

Portland  cement,  236 
Potash,  Bichromate  of,  208 

, Caustic,  214 

, Chlorate  of,  140 

— - felspar,  212 

, Red  chromate  of,  208 

, Red  manganate  of,  219 

, Red  prussiate  of,  370 

, Sulphurated,  220 

•,  Yellow  chromate  of,  298 

, Yellow  prussiate  of,  361 

Potassium,  212 

acetate,  215 

acid  tartrate,  213 

bicarbonate,  214 

bromide,  218 

chlorate,  140 

chloride,  217 

chromate,  298 

citrate,  215 

cyanate,  372 

cyanide,  365 

dichromate,  298 

ferricyanide,  370 

ferrocyanide,  364 

hydrate,  214 

in  plants,  212 

iodide,  217 

manganate,  218 

, Natural  compounds  of,  212 

nitrate,  116,  216 

nitrite,  217 

permanganate,  219 

as  a disinfectant,  219 

, Preparation  of  metal,  213 

— Properties  of,  213 

sulphate,  216 

sulphocyanate,  371 

sulphocyanide,  371 

—k-  tartrate,  215 
-2—,  Tests  for,  220 
Potato-oil,  414 


Precipitated  sulphur,  189 
Preparation  of  typical  salts,  etc., 
518 

Problems,  Chemical,  481 — 50° 
Proof  spirit,  402 
Propene,  390 
Propyl  alcohol,  306 
Prussian  blue,  365 
Prussic  acid,  367 
Ptomaines,  472 
Puddling  process,  303 
Pumice  stone,  166 
Putrefaction,  340 
Putty  powder,  268 
Pyridine,  465 
Pyrites,  Iron,  302 
Pyrocatechin,  452 
Pyrogallic  acid,  453 
Pyroligneous  acid,  432 
Pyrolusite,  300 
Pyrophosphoric  acid,  179 
Pyroxylin,  420 


Quadrivalent  elements,  23 
Quantivalcnce,  24 

, Change  of,  27 

, Graphic  representation  of,  26 

Quantivalences  of  elements,  List 
of,  23 

Quartz,  165 
Quicksilver,  251 
Quinia,  469 
Quinine,  469 

sulphate,  470 

, Tests  for,  470 

Quinolin,  465 

Quinquivalent  elements,  23 


Radicle,  Definition  of,  31 
Radicles,  32,  33 

, Acidulous,  32,  34 

, Graphic  representation 

of,  33 

, Bivalent,  35 

, Lists  of,  34,  35 

, Organic,  336 

, Quadrivalent,  35 

, Tri valent,  35 

, Univalent,  34,  35 

Rain-water,  88 

Rat-pastes,  Composition  of,  174 
Realgar,  279 
Rectified  spirit,  402 
Red  lead,  274 

precipitate,  253 

prussiate  of  potash,  370 

Reinsch’s  test,  286 
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Ilesorcin,  452 
Respiration,  77 
Rochelle  salt,  229 
Rock  crystal,  165 
Rock  salt,  127,  222 
Roman  cement,  256 
Ruby,  263 
Rust,  30S 


Saccliarated  lime-water,  23p 
Saccharine,  478 
Saccharose,  421 
Safety  matches,  175 
Sal-ammouiac,  123 
Salicin,  475 
Salicylic  acid,  455 
Salol,  479 
Salt,  222 

, Acid,  37 

, Basic,  37 

, Common,  222 

of  sorrel,  442 

, Rock,  222 

Saltpetre,  216 

, Chili,  222 

Salts,  Definition  of,  37 

, Ethereal,  381 

, Preparation  of  typical, 

518 

. , Solubility  of,  212 

Sand, 165 
Sandstone,  165 
Santonin,  476 
Saponification,  437,  433 
Sapphire,  263 
Sarcolactic  acid,  440 
Sarcosine,  463 
Scarborough  waters,  91 
Scheele’s  green,  2S2,  326 
Sea-salt,  127 

Sea-water,  Hardness  of,  39 

Seidlitz-powder,  229 

Selenite,  233 

Seltzer  water,  91 

Sexi  valent  elements,  23 

Sherry,  403 

Shot,  273 

Siemens-Martin  process,  o07 
Silica,  165 

Silicates,  Natural, 166 

, Radicle  of,  35 

Silicic  acid,  165 

anhydride,  165 

Silicon,  l‘04 

chloroform,  16  r 

, Oxido  of,  165 

Silver,  328  , 

„ f Action  of  acids  on,  o29 


methyl  alcohol, 


Silver  bromide,  330 

chloride,  330 

coinage,  329 

, Extraction  of,  328 

, German,  323 

iodide,  330 

nitrate,  330 

, occurrence  in  nature,  328 

oxide,  330 

, Properties  of,  328 

salts  in  photography,  331 

, Tests  for,  331 

Soap,  437 

, Common,  437 

, Curd,  437 

, Hard,  438 

, Soft,  438 

Soda,  Caustic,  224 

, Hyposulphite  of,  203 

, Washing,  224 

Sodium,  222 

acetate,  22S 

action  on 

400 

arsehiate,  227 

bicarbonate,  226 

bromide,  228 

carbonate,  224 

citro-tartrate,  230 

hydrate,  224 

hypobromite,  146 

liypophosphitc,  1S1 

iodide,  228 

, Natural  compounds  of,  222 

peroxide,  224  ^ 

phosphate,  227 

potassium  tartrate,  229 

, Preparation  of  metal,  222 

, Properties  of,  223 

sulphate,  226 

, Test  for,  230 

thiosulphate,  203 

urate,  461 

Soft  water,  S8 
Solder,  273 
Solid  elements,  11,  12 
Solids,  1,  2 

, Porosity  of,  2,  3 

Solubility,  91,  212 
Soluble  glass,  167 
Soot,  155 

Sorrel,  Salt  of,  442 
Spa  water,  91 

Specific  gravities  of  gases,  43,  45 
Specific  heat  and  atomic  weight,  1< 
Speculum  metal,  323 
Spirit,  Methylated,  398 

of  hartshorn,  120 

of  salts,  132 
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Spirit,  Proof,  402 

, Rectified,  402 

Stalactites,  233 
Stannic  chloride,  26S 

oxide,  26S 

Stannous  chloride,  203 
Stannum,  13 
Starch,  41S 

, Properties  of,  413 

, Test  for,  419 

Stassfurt  salts,  142,  213 
Stearin,  4.  7 
Steel,  302,  30S 

, Manufacture  of,  305 

Stibium,  13 
Strontium,  240 
Strychnia,  470 

, Test  for,  471 

Strychnine,  470 
Succinic  acid,  443 
Sucrose,  421 
Sugar,  421 

, Brown,  421 

, Burnt,  422 

, Cane,  421 

, Test  for,  422 

, Milk,  423 

, Test  for,  423 

Sugar  of  lead,  275 
Sugars,  417 

, action  on  polarized  light,  420 

, Constitution  of,  426 

Sulphate  of  aluminium,  265 

of  calcium,  233 

of  chromium,  299 

of  copper,  325 

— — of  iron,  312,  316 

of  magnesium,  213 

of  manganese,  300 

of  mercury,  255 

of  potassium,  216 

of  sodium,  226 

of  zinc,  249 

Sulphates,  Radicle  of,  35 
Sulphide  of  ammonium,  125 

of  antimony,  290 

of  arsenic,  279,  2S5 

of  calcium,  238 

of  iron,  302,  314 

of  mercury,  260 

Sulphides,  Preparation  of,  211 
Sulphites,  Radicle  of,  35 
Sulphoearbolic  acid,  452 
Sulphocyanate  of  potassium,  371 
Sulplmcyanidc  of  potassium,  371 
Sulphonal,  479 
Sulphur,  1S7 

, Allotropic  forms  of,  1S3 

, Amorphous,  189 


Sulphur,  Chlorides  of,  205 

compounds  in  air,  104 

dioxide,  190 

, estimation  in  organic  com- 
pounds, 352 

, Flowers  of,  187 

, Occurrence  in  nature  of,  1S7 

, Octohedral  variety  of,  1SS 

, Oxides  of,  190 

, Plastic,  188 

, Precipitated,  189 

, Prismatic  variety  of,  1S8 

, Properties  of,  189 

, Roll,  1S7 

, Stick,  187 

, Test  for,  189 

trioxide,  192 

Sulphurated  antimony,  293 

potash,  220 

Sulphuretted  hydrogen,  199 

, Preparation  of,  200 

, Properties  of,  201 

, Test  for,  203 

Sulphuric  acid,  194 

, action  on  metals  of,  CO, 

61 

, starch,  419 

, sugar,  422 

, Fuming,  199 

, Impurities  in,  19S 

leaden  chamber,  198 

, Nordhansen,  199 

, Preparation  of,  195 

, Properties  of,  19S 

, Purification  of,  199 

, Test  for,  199 

Sulphuric  anhydride,  192 

ether,  406 

Sulphurous  acid,  193 

, Properties  of,  193 

, Test  for,  194 

anhydride,  190 

Symbols,  13,  10 
Synthesis,  9 


Tables,  Analytical,  504—517 

Talc,  242 

Tannic  aeid,  457 

Tannin,  457 

Tar  liquor,  120,  392 

Tartar  emetic,  292 

Tartarated  antimony,  292 

Tartaric  acid,  44 1 

Tartrates,  Radicle  of,  35 

Temporary  hardness  of  water,  S3 

Terminations,  Uses  of,  47 

Terpenes,  458 

Tetrad  elements,  23 


54° 


Chemistry . 


Theine,  466 
Theobromine,  466 
Thiosulphate  of  sodium,  203 
Thiosulphuric  acid,  203 
Tin,  267 

•  , Chlorides  of,  26S 

•  , group  of  metals,  278 

ore,  267 

oxide,  268 

, Tests  for,  269 

Till  cal,  170 
Tinder,  155 
Toluene,  450 
Toluol,  450 
Triad  elements,  23 
Tribasic,  Meaning  of,  36 
Trichloracetic  acid,  411 
Trichloraldehyde,  410 
Trimethylamine,  459 
Trinitrocellulose,  420 
Triuitroplienol,  452 
Tri valent  elements,  23 
Tunbridge  water,  91 
Turnbull’s  blue,  318 
Turpentine,  Oil  of,  458 
Turpeth  mineral,  255 
Turps,  458 
Type  metal,  273 
Tyrosine,  464 


Ultimate  analysis,  341 
Univalent  elements,  23 
Urate  of  sodium,  461 
Urea,  374 

, Estimation  of,  376 

, Preparation  of,  374 

, Properties  of,  375 

Urethane,  480 
Uric  acid,  461 
, Test  for,  462 


Valency,  23—30,  35 

, Anomalous,  30 

Valerianic  acid,  428 
Valeric  acid,  42S 
Vapour-density,  357 

Dumas,  357 

Victor  Meyer,  258 

Vaseline,  3S6 
Venetian  red,  311 
Verdigris,  326 
Vermilion,  260 
Vichy  water,  91 
Vinegar,  432 
Vitriol,  Blue,  325 

, Green,  312 

, Oil  of,  198 


Vitriol,  White,  249 
Volcanic  ammonia  salts,  123 


Washing  soda,  224 
Water,  83 

, Action  of  metals  on,  66,  272 

, Aix-la-Chapelle,  91 

, Apollinaris,  91 

, Bath,  91 

, Bristol,  91 

, Carlsbad,  91 

, Cheltenham,  91 

, Composition,  84— S6 

, Decomposition  of,  by  elec- 
tricity, 74 

, Electrolysis  of,  74 

, Ems,  91 

, Hard,  SS 

, Hardness  of,  S8 

, Permanent,  89 

, Temporary,  88 

, Harrogate,  91 

, Leamington,  91 

, Malvern,  91 

, Matlock,  91 

, Oxygenated,  92 

, Preparation  of  hydrogen  from, 

65,  74 

, Properties  of,  S6,  91 

, Rain,  88 

, River,  90 

, Scarborough,  91 

, Sea-,  Hardness  of,  89 

, Seltzer,  91 

, Soft,  S8 

, Solvent  powers  of,  on  gases, 

92  ; on  solids,  91 , 212  ; on  lead,  272 

, Spa,  91 

, Synthesis  of,  84 

, Tunbridge,  91 

, Vichy,  91 

Waters,  Alkaline,  91 
- — , Aperient,  91  ^ 

, Calcareous,  91 

, Chalybeate,  91 

, Drinking-,  Nitrates  in,  117 

, , Sources  of,  S7 

, Mineral,  91 

, Composition  of,  S3 

, Spring-,  Sources  of,  S7 

, Sulphuretted,  91 

Weights,  503 

, Atomic,  13,  16,  208 

Weight  of  elements,  Relative,  16 
Welsbach  burner,  266,  395 
Whisky,  403 
White  lead,  276 
precipitate,  259 
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White  vitriol,  249 
Whiting,  237 
Witherite,  239 
Wood  ash,  213 

charcoal,  154 

, Destructive  distillation  of, 

33S,  432 

naphtha,  398 

spirit,  398 

Wrought  iron,  302,  301 

Yeast,  339,  401 

Yellow  prnssiate  of  potash,  364 


Zinc,  246 

acetate,  250 

carbonate,  250 

chloride,  249 

, Granulated,  247 

, Natural  compounds  of,  246 

oxide,  249 

, Preparation  of,  246 

, Properties  of,  248 

sulphate,  249 

, Tests  for,  250 

valerianate,  250 
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A Manual  of  Operative  Surgery. 

By  Sir  Frederick  Treves, Bart.,  K C.V.O.,  C.B.,  F.R.C.S.,  LL.r. 
Revised  by  the  Author  and  Jonathan  Hutchinson,  Jun.,F.R.C.S., 

Surgeon  to  the  London  Hospital,  Examiner  in  Surgery  Royal  Army 
Medical  Department.  With  450  Illustrations.  In  Two  Volumes, 
42s.  Vol.  I.  now  ready  ; Vol.  II.  autumn,  1903.  Supplied  in  sets 
only. 

A Manual  of  Medical  Treatment  or 

Clinical  Therapeutics.  By  i.  Burney  Yeo,  m.d., 

F.R.C.P.  With  Illustrations.  New  and  Revised  Edition.  TwoVoIs. 
21s.  net. 

“It  is  a book  from  which  the  most  skilled  therapeutist  has  something  to  learn,  a 
book  which  the  more  ordinary  physician,  no  matter  how  frequently  he  appeals  to  it, 
will  surely  find  a true  guide,  philosopher  and  friend.  One  thought  at  the  time  that 
improvement  on  the  first  edition  would  be  next  to  impossible.  Success,  however,  is  a 
wonderful  stimulant  to  an  author,  hence  we  have  a thoroughly  revised,  extended,  and 
modernised  Edition  of  the  Manual  0/  Medical  Therapeutics  which  is  likely  to  remain 
for  some  time  to  come  the  standard  work  on  the  subject  in  the  English  language.  We 
feel  at  liberty  to  give  the  book  unqualified  praise,  and  almost  constrained,  not  only  to 
recommend  it,  but  also  to  urge  it  upon  all  who  do  not  possess  it,  yet  are  ambitious  of 
becoming  polished  practical  surgeons.” — The  Medical  Press  and  Circular. 

Surgical  Diseases  of  the  Kidney  and 

Ureter.  By  Henry  Morris,  M.A.,  M.B.  Lond.,  F.R.C.S., 

Chairman  of  the  Court  of  Examiners  and  recently  a Vice-President  of 
the  Royal  College  of  Surgeons,  Senior  Surgeon  to  the  Middlesex 
Hospital,  &c.  With  2 Chromo  Plates  and  numerous  Engravings. 
Two  Vols  42s.  net. 

“The  soundest  and  most  authoritative  teaching,  expressed  in  the  clearest  and 
brightest  phrasing.  British  surgery  may  justly  pride  itself  on  having  produced  so 
admirable  and  worthy  a treatise.” — British  Medical  Journal. 

Tumours,  Innocent  and  Malignant: 

Their  Clinical  Characters  and  Appropriate 
Treatment.  By  J.  Bland-Sutton,  F.R.C.S.,  Surgeon  10 

the  Chelsea  Hospital  for  Women,  etc.  With  312  Engravings.  New 
and  Revised  Edition.  2 Is. 

“A  work  which  must  have  entailed  on  its  author  the  expenditure  of  infinite  labour 
and  patience,  and  which  there  can  be  little  question  will  rank  high  among  works  of  its 
class.” — The  Lancet. 

The  Therapeutics  of  Baths  and 

Climates.  By  I.  Burney  Yeo,  M.D.,  F.R.C.P.  10s.  6d. 

net. 

This  is  a new  and  revised  edition  of  Dr.  Yeo’s  "Climate  and  Health 
Resorts.” 
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Tropical  Diseases.  A Manual  of  the  Diseases  of  Warm 

Climates  By  Sir  Patrick  Manson,  K.C.M.G.,  M.D.,  LL.D. 
Aberd.,  F.R.C.P.,  C.M.G.,  F.R.S.  With  Two  Coloured  Plates 
and  130  Illustrations.  New  Edition.  10s.  6d.  net. 

It  is  a good  book,  conceived  and  written  in  a scientific  spirit  and  well  up  to 
date  and  not  to  admit  in  these  utilitarian  days  a practical  view  of  its  merits — it  strikes 
us  as  sound  and  judicious  in  regard  to  the  general  dietetic  and  therapeutical  treatment 
of  the  maladies  which  it  describes.  The  volume  is  of  a handy  size  and  admirably 
illustrated.  — The  Lancet. 


Diseases  of  the  Skin.  An  Outline  of  the  Prin- 
ciples and  Practice  of  Dermatology.  By  Malcolm  Morris, 
Surgeon  to  the  Skin  Department,  St.  Mary’s  Hospital,  London. 
With  Two  Coloured  Plates,  36  Plain  Plates,  and  Numerous 
Illustrations.  New  Edition.  10s.  (id.  net. 

Surgical  Applied  Anatomy.  By 

Sir  Frederick  Treves,  Bart.,  K.C.V.O.,  C.B.,  F.R.C.S.,  LL.D;, 
assisted  by  Arthur  Keith,  M.D.,  F.R.C.S.  With  80  Illustrations. 
New  and  Enlarged  Edition.  Os. 

Oral  Sepsis  as  a Cause  of  Disease. 

By  W.  Hunter,  M.D.,  F.R.C.P.  3s.  6d. 

Intestinal  Obstruction.  Its  Varieties,  with  their 

Pathology,  Diagnosis,  and  Treatment.  By  Sir  Frederick  Treves, 
Bart.,  K.C.V.O.,  C.B.,  F.R.C.S.,  LL.D.  Illustrated.  21s. 


Orthopaedic  Surgery.  A Text-book  Of  the  Pathology 

and  Treatment  of  Deformities.  By  J.  Jackson  Clarke,  M.B.  Lond., 
F.R.C.S.  With  309  Illustrations.  21s. 

“ Based  upon  a sound  knowledge  of  pathology,  Mr.  Clarke's  descriptions  are  illus- 
trated by  numerous  rases  drawn  from  his  extensive  hospital  experience,  whilst  their 
value  is  enhanced  by  the  frequent  reference  which  he  makes  to  the  work  of  others,  and 
by  numerous  photographs,  drawings,  and  diagrams. "—Medical  Chronicle. 


Medical  Diseases  of  Infancy  and 

Childhood.  By  Dawson  Williams,  M.D.  Loud.,  Fellow 
of  the  Royal  College  of  Physicians  of  London,  and  of  University 
College,  London  ; Consulting  Physician  to  the  East  London  Hospital 
for  Children,  Shadwell.  With  18  Full-page  Plates  and  numerous 
Illustrations.  10s.  6d. 

Diseases  of  Women.  A Clinical  Guide  to  their 

Diagnosis  and  Treatment.  By  George  Ernest  Herman,  M.B.  Lond., 
F.R.C.P.,  Senior  Obstetric  Physician  to,  and  Lecturer  on  Midwifery 
at,  the  London  Hospital  ; Examiner  in  Midwifery  to  the  University 
of  Cambridge  and  the  Royal  College  of  Physicians,  &c.  &c.  With 
upwards  of  250  Illustrations.  New  and  Revised  Edition.  Price  25s. 


Manuals  for  Students  and  Practitioners  of  Medicine  (contd. ) . 


Ringworm.  In  the  Light  of  Recent  Research.  Pathology- 

Treatment— Prophylaxis.  By  Malcolm  Morris,  Surgeon  to  the 
Skin  Department,  St.  Mary’s  Hospital,  London.  With  22  Micro- 
photographs and  a Coloured  Plate.  7 s.  6d. 

Mr.  Malcolm  Morris  has  now  given  the  profession  a most  excellent  concise,  and 
readable  account  of  Ringworm,  viewed  from  the  modern  standpoint;  and  we  heartily 
commend  his  book  to  the  attention  of  every  practitioner.”— Dublin  Medical  Journal. 

A System  of  Surgery.  Edited  by  Sir  Frederick 

Treves,  Bart.,K.C.V.O.,  C.B.,F.R.C.S.,  LL.D.  Seventh  Thousand. 
Each  Vol.  contains  Iwo  Coloured  Plates  and  Several  Hundred 
Original  Woodcut  Illustrations  by  Charles  Bekjeau,  F.L.S.,  and 
others.  Complete  in  two  volumes,  price  48s. 

A List  of  Contributors , with  Contents , will  be  forwarded  on  application. 


Diseases  of  the  Joints  and  Spine. 

By.  Howard  Marsll,  F.R.C.S.,  Professor  of  Surgery  in  the 
University  of  Cambridge,  &c.  New  and  Revised  Edition.  With 
79  Illustrations.  12s.  (id. 

“This  volume  is  excellently  planned.  Mr.  Marsh  brings  to  bear  upon  it  keen 
critical  acumen.” — Liverpool  Medico-Chirurgical  Journal. 

Surgical  Diseases  of  the  Ovaries 

and  Fallopian  Tubes,  including  Tubal 
Pregnancy.  By  J.  Bland-SuttOll,  F.R.C.S.,  Surgeon  to 

the  Chelsea  Hospital  for  Women,  Assistant  Surgeon  to  the  Middlesex 
Hospital.  With  146  Illustrations,  tils. 

Journal  haV6  n0thing  but  praise  for  the  contents  of  the  book.”— Edinburgh  Medical 


Difficult  Labour.  A Guide  to  its  Management.  For 

Students  and  Practitioners.  By  G.  Ernest  Herman,  M.B.  Lond., 
F.ft.C.P.,  Senior  Obstetric  Physician  to  the  London  Hospital,  &c. 
With  165  Illustrations.  New  and  Revised  Edition.  lt£s.  (id. 


The  book  is  well  arranged  and  profusely  illustrated  with  excellent  diagrams, 
is  a clecided  acquisition  to  the  literature  of  midwifery,  and  we  have  pleasure  in  rec 
mending  it  to  all  interested  in  the  subject ."-Glasgow  Medical  Journal. 


It 
recoin- 


On  the  Origin  and  Progress  of 

Renal  Surgery,  with  Special  Reference  to  Stone  in  the 
Kidney  and  Ureter  ; and  to  the  Surgical  Treatment  of  Calculous 
Anuria.  Being  the  Hunterian  Lectures  for  1898.  Together  with  a 
Critical  Examination  of  Subparietal  Injuries  of  the  Ureter.  By 

Henry  Morris,  M.A.,  M.B.  Lond.,  F.R.C.S.,  Chairman  of  the 
of  .Examiners  of  the  Royal  College  of  Surgeons,  &c.  &c. J 
With  28  Illustrations,  (is. 
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Manuals  for  Students  and  Practitioners  of  Medicine  ( contd . )• 


Surgical  Diseases  of  Children.  cy 

Edmund  Owen,  M.B.,  F.R.C.S.,  Consulting  Surgeon  to  the  Hospital 
for  Sick  Children,  Great  Ormond  Street ; Surgeon  to  St.  Mary  s 
Hospital,  &c.  &c.  With  5 Chromo  Plates  and  120  Engravings. 

21s. 

“ Mr.  Owen’s  volume  will  rank  as  an  invaluable  rtsumt  of  the  subject  on  which  it 
treats.” — Medical  Press  and  Circular. 

Diseases  of  the  Tongue.  by  h.  t.  Butim, 

F.R.C.S.,  D.C.L.,  Consulting  Surgeon  and  Lecturer  on  Clinical 
Surgery  to  St.  Bartholomew’s  Hospital,  and  Walter  G.  Spencer, 
M.S.,  M.B.  Lond.,  F.R.C.S.,  Surgeon  to  Westminster  Hospital, 
&c.  With  Chromo  Plates  and  Engravings.  New  and  Revised 
Edition.  21s. 

Diseases  of  the  Rectum  and  Anus. 

By  Sir  Charles  B.  Ball,  Hon.  M.Ch.  Dublin,  F.R.C.S.I.,  &c., 
Surgeon  and  Clinical  Teacher  at  Sir  P.  Dun’s  Hospital,  and  Regius 
Professor  of  Surgery,  University  of  Dublin.  With  Chromo  Plates 
and  61  Engravings.  9s. 

“ As  a full,  clear,  and  trustworthy  description  q f the  diseases  which  it  deals  with,  it  is 
certainly  second  to  none  In  the  language.  The  author  is  evidently  well  read  in  the 
literature  of  the  subject,  and  has  nowhere  failed  to  describe  what  Is  best  up  to  date.  The 
model  of  what  such  a work  should  be.” — Bristol  Medico -Chzrurgica l Journal. 

Diseases  of  the  Breast.  By  Thomas  Bryant, 

F.R.C.S.,  &c,,  Surgeon  to,  and  Lecturer  on  Surgery  at,  Guy’s 
Hospital.  With  8 Chromo  Plates  and  numerous  Engravings.  9s. 
“Mr.  Bryant  is  so  well  known,  both  as  an  author  and  a surgeon,  that  we  are  absolved 
from  the  necessity  of  speaking  fully  or  critically  of  his  work."— The  Lancet. 

Syphilis.  By  Jonathan  Hutchinson,  F.R.S.,  F.R.C.S., 

Consulting  Surgeon  to  the  London  Hospital  and  to  the  Royal 
London  Ophthalmic  Hospital.  With  8 Chromo  Plates.  Seventh 
Thousand.  9s. 

“The  student,  no  matter  what  may  be  his  age,  will  find  In  this  compact  treatise  a 
valuable  presentation  of  a vastly  Important  subject.  We  know  of  no  better  or  more 
comprehensive  treatise  on  syphilis.” — Medical  News.  Philadelphia. 

Plague : How  to  Recognise,  Prevent,  and  Treat,  By  JamCS 

Cantlie,  M.A.,  M.B.  Aberd.,  F.R.C.S.  Illustrated.  Price 
Is.  Od.  net. 

Insanity  and  Allied  Neuroses.  by 

George  H.  Savage,  M.D.,  Lecturer  on  Mental  Diseases  at  Guy’s 
Hospital,  &c.  With  19  Illustrations.  Eighth  Thousand.  9s. 

“ Dr.  Savage's  grouping  of  insanity  is  practical  and  convenient,  and  the  observations 
on  each  group  are  acute,  extensive,  and  well  arranged.” — 7 he  Lancet. 

Clinical  Methods : A Guide  to  the  Praciical  Study 

of  Medicine.  By  Robert  Hutchison,  M.D.,  M.R.C.P.,  Assistant 

Physician  to  the  I ondon  Hospital,  &c. , and  Harry  Rainy,  M.A., 
F.R.C.P.  Ed.,  F.R.S.E.,  formerly  University  Tutor  in  Clinical 
Medicine,  Royal  Infirmary,  Edinburgh.  With  8 Coloured  Plates 
and  upwards  of  150  Illustrations.  New  and  Enlarged  Edition. 
10s.  Od. 
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Manuals  for  Students  and  Practitioners  of  Medicine  ( con'd  ) 


Ophthalmic  Surgery.  By  R.  Brudenell  Carter 

F.R.C.S.,  onsulting  Ophthalmic  Suigeon  o,  and  Lecturer  cn 
Ophthalmic  durgery  at,  St.  George’s  Hospital ; and  W.  Adams 
Frost,  F.R.C.S.,  Assistant  Ophthalmic  Surgeon  to,  and  Joint 
Lecturer  on  Ophthalmic  Surgery  at,  St.  George’s  Hospital.  With 
Chromo  Frontispiece  and  91  Engravings.  Second  Edition.  Os. 

Gout,  Its  Pathology  and  Treatment. 

By  Arthur  P.  Luff,  M.D.  Lond.,  B.Sc.,  F.R.C.P.,  Lhysician  in 
Charge  of  Out-Patients  and  Lecturer  on  Forensic  Medicine  at  St. 
Mary’s  Hospital.  Crown  8vo,  256  pages,  5s. 

“Dr.  Luff  is  well  known  to  possess  a thorough  knowledge  of  chemical  science,  and 
to  be  an  able  investigator  of  chemical  phenomena.  The  work  under  review  bears  testi- 
mony to  this,  containing  as  it  does  a most  excellent  account  of  the  conditions  which  give 
rise  to  gout,  together  with  the  means  to  be  resorted  to  in  order  to  prevent  or  to  alleviate 
its  paroxysms.” — Medical  Chronicle. 

Diseases  of  the  Ear.  By  A.  Marmaduke  Sheild, 

M.B.  Cantab.,  F.R.C.8.  Eng.,  &c.  With  4 Coloured  Plates  and 
34  Woodcut  Illustrations.  10s.  6d. 

Food  in  Health  and  Disease.  By 

I.  Burney  Yeo,  M.D.,  F.R.C.P.,  Professor  of  the  Principles  and 
Practice  of  Medicine  in  King’s  College.  Ninth  Thousand.  10s.  (id. 


MANUALS  FOR 

Students  of  Medicine 

Published  by  CASSELL  <le  COMPANY. 


Elements  of  Histology.  by  e.  Kiem,  m.d., 

F.R.S.,  Lecturer  on  General  Anatomy  and  Physiology  in  the 
Medical  School  of  St.  Bartholomew's  Hospital,  London ; and  J.  S. 
Edkins,  M.A.,  M.B.,  Joint  L ecturer  and  Demonstrator  of  Physio- 
logy  in  the  Medical  School  of  St.  Bartholomew’s  Hospital,  London. 
Revised  and  Enlarged  Edition,  with  296  Illustrations.  7s.  6d. 

“A  work  which  must  of  necessity  command  a universal  success.  It  is  just  exactly 
what  has  long  been  a desideratum  among  students.” — Medical  Press  and  Circular. 


Hygiene  and  Public  Health.  By  B. 

Arthur  Whiteleigge,  M.D.,  B.Sc.  Lond.,  D.P.H.  Camb., 

G.JS.,  H M.  Chief  Inspector  of  Factories.  With  23  Illustrations. 
Eighth  Thousand.  7 s.  6d . 

"It  Is  in  every  way  perfectly  reliable,  and  In  accordance  with  the  most  recently 
acquired  knowledge.”— British  Medical  Journal. 


Clinical  Chemistry. 

F. R.C.P.,  Physician  at  the 
trations.  5s. 


By  Charles  H.  Ralfe,  M.D. 
London  Hospital.  With  16  Illus- 


The  volume  deals  with  a subject  of  great  and  Increasing  Importance,  which  does 
FCIi5ra.u  ref-elv®  s°  much  attention  from  students  as  it  deserves.  The  text  is  concise 
and  lucid,  the  chemical  processes  are  stated  In  chemical  formulae,  and  wherever  they 
could  aid  the  reader  suitable  Illustrations  have  been  Introduced."—  The  Lancet. 
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Manuals  for  Students  of  Medicine  ( continued ). 


Elements  of  Surgical  Pathology. 

By  A.  J.  Pepper,  M.S.,  M.B.,  F.R.C.S.,  Surgeon  and  Teacher  of 
Practical  Surgery  at  St.  Alary's  Hospital.  Illustrated  with  99  En- 
gravings. Fourth  Edition,  rewritten  and  enlarged.  8s.  Od. 

“ A student  engaged  In  surgical  work  will  find  Mr.  Pepper's  ‘Surgical  Pathology  ’ to 
be  an  invaluable  guide,  leading  him  on  to  that  correct  comprehension  of  the  duties  of  a 
practical  and  scientific  surgeon  which  is  the  groundwork  of  the  highest  type  of  British 
Surgery.” — British  Medical  journal. 

Human  Physiology.  By  Henry  Power,  M.B. 

(Lond.),  F.^.C.S.,  Profe.-sor  of  Physiology,  Royal  Veterinary 
College.  With  83  Engravings  and  Coloured  Plate  of  Spectra. 

78.  6d. 

“ The  author  has  brought  to  the  elucidation  of  his  subject  the  knowledge  gained  by 
many  years  of  teaching  and  examining,  and  has  communicated  his  thoughts  in  easy,  clear, 
and  forcible  language,  so  that  the  work  is  entirely  brought  within  the  compass  of  every 
student.  It  supplies  a want  that  has  long  been  felt."—  The  Lancet. 


Materia  Medica  and  Therapeutics. 

An  Introduction  to  the  Rational  Treatment  of  Disease.  By  J. 

Mitchell  Bruce,  M.A.,  M.C.,  LL.D.,  F.R.C.P.,  Physician  and 
Lecturer  on  Clinical  Medicine  at  Charing  Cross  Hospital.  7s,  fid. 

"We  welcome  its  appearance  with  much  pleasure,  and  feel  sure  that  it  will  be 
received  on  all  sides  with  that  favour  which  It  richly  deserves.”— British  Medical 
Journal , 


A Manual  of  Chemistry  : Inorganic  and 

Organic,  with  an  Introduction  to  the  Study  of  Chemistry.  F01  the 
Use  of  Students  of  Medicine.  By  Arthur  P.  Luff,  M.B.,  B.Sc. 
Lond.,  F.R.C.P. ; and  Frederic  Janies  M.  Page,  B.Sc.  Lond., 
F.I.C.  With  40  Illustrations.  7s.  Od. 


Elements  of  Surgical  Diagnosis : A 

Manual  for  the  Wards.  By  A.  Pearce  Gould, 

M.S.,  M.B.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at, 
the  Middlesex  Hospital,  &c.  New  and  Enlarged  Edition.  7s.  (id. 

Comparative  Anatomy  and  Physio= 

logy.  By  F.  Jeffrey  Bell,  M.A.,  Emeritus  Professor  of  Com- 
parative Anatomy  at  King’s  College.  With  229  Engravings.  7 8,  Od. 


The  Elements  of  Physiological  Phy= 

SicS.  An  Outline  of  the  Elementary  Facts,  Principles,  and 
Methods  of  Physics  and  their  Application  in  Physiology.  By  J. 

McGregor-RohertSOn,  M.A.,  M.B.,  &c.  &c.,  formerly  Lecturer 
on  Physiology,  University  of  Glasgow.  With  219  Illustrations. 

7s.  Od. 

"Mr.  McGregor-Robertson  has  done  the  student  the  greatest  service  In  collecting 
,‘ogether  In  a handy  volume  descriptions  of  the  experiments  usually  performed,  and  of 
the  apparatus  concerned  In  performing  them." — The  Lancet. 
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Manuals  for  Students  of  Medicine  [continued). 


First  Lines  in  Midwifery.  A Guide  to 

Attendance  on  Natural  Labour.  By  G.  E.  Herman,  M.B.  Lond., 
F.R.C.P.,  Senior  Obstetric  Physician  and  Lecturer  on  Midwifery, 
London  Hospital,  &c.  With  81  Illustrations.  5s. 

“ This  manual  is  of  considerable  merit,  and  is  likely  to  prove  highly  popular  in 
London  schools  and  lying-in  hospitals.” — British  Medical  Journal. 

Manual  of  Military  Ophthalmology. 

For  the  Use  of  Medical  Officers  of  the  Home,  Indian,  and  Colonial 
Services.  By  M.  T.  Yarr,  F.R.C.S.I.,  Major  Royal  Army  Medical 
Corps  ; Fellow  Medical  Society  of  London.  With  numerous  Illus- 
trations and  Diagrams.  Os. 

The  Student’s  Handbook  of  Surgical 

Operations.  By  Sir  Frederick  Treves,  Bart.,  K.C.V.O., 

C.B.,  F.R.C.S.,  LL.D.  With  94  Illustrations.  Eleventh  Thousand. 

7s.  tid. 

Clinical  Papers  on  Surgical  Subjects. 

By  Herbert  W.  Page,  M.A.,  M.C.  Cantab.,  F.R.C.S.  Eng., 

Senior  Surgeon  to  St.  Mary’s  Hospital,  and  Lecturer  on  Clinical 
Surgery  at  its  Medical  School,  &c.  & c.  5s. 

The  Cerebro=Spinal  Fluid:  Its  Spontaneous 

Escape  from  the  Nose.  By  St.  Clair  Thomson,  M.D.,  &C.  5s. 

A Guide  to  the  Instruments  and 

Appliances  Required  in  Various  Operations. 

By  A.  W.  Mayo  Robson,  F.R.C.S.  Is.  6d  , or  post  free,  Is.  7(1. 

Medical  Handbook  of  Life  Assurance. 

By  James  Edward  Pollock,  M.D.,  F R.C.P.,  and  James  Chis- 
holm (Fellow  of  the  Institute  of  Actuaries,  London).  Fourth 
Edition.  7s.  (id. 

Incompatibility  and  Some  of  its 

Lessons.  By  Walter  G.  Smith,  M.D.,  Ex-President  Royal 
College  of  Physicians,  Ireland,  &c.  Is. 

Enlarged  Series , in  Monthly  Parts , price  2s.  net , of  the 

Annals  of  Surgery.  A Monthly  Review  of  Surgical 

Science  and  Practice.  Edited  by  W.  H.  A.  Jacobson,  M.Ch. 
(of  London);  L.  S.  Pilcher,  A.M.,  M.D.  (of  Brooklyn,  U.S.A.)  • 
William  MacEwen,  M.D.  (of  Giasgow) ; J.  William  White,  M.d! 
(of  Philadelphia,  U.S.A.).  A subscription  of  24s.,  paid  in  advance" 
will  secure  the  Journal  being  sent  post  free  for  one  year. 
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Nursing  Handbooks,  &c. 


The  Tale  of  a Field  Hospital.  By 

Sir  Frederick  Treves,  Bart.,  K.C.V.O.,  C.B.,  F.R.C.S.,  LL.D. 

With  14  Illustrations.  Cloth,  5s. ; leather,  6s. 

Cookery  for  Common  Ailments.  b3 

A Fellow  of  the  Royal  College  of  Physicians,  and  Phyllis 
Browne.  Limp  cloth,  is. 

‘‘Cram-full  of  information,  overflowing- with  helpful  detail  and  invaluable  advice.”— 
Pall  Mall  Gazette. 

Handbook  of  Nursing  for  the  Home  and  for  the 

Hospital.  By  Catherine  J.  Wood,  Lady  Superintendent  of 
the  Hospital  for  Sick  Children,  Great  Ormond  Street.  Twenty- 
first  Thousand.  Is.  6d.  ; cloth,  2s. 

“ A book  which  every  mother  of  a family  ought  to  have,  as  well  as  every  nurse 
under  training.” — Guardian. 

The  Practical  Nursing  of  Infants 

and  Children.  By  Frank  Cole  Madden,  M.B.,  B.S.  Melb., 
F.R.C.S.  288  pp.,  crown  8vo.  3s.  6d. 

Advice  to  Women  on  the  Care  of 

their  Health,  Before,  During,  and  After 
Confinement.  By  Florence  stacpoole,  Diploma  of 

the  London  Obstetrical  Society,  etc.  etc.  New  and  Enlarged 
Edition,  2s. 

“ Is  written  very  sensibly,  and  with  no  affectation  of  superior  knowledge,  but  simply 
and  directly  to  meet  obvious  wants  in  private  home  nursing.” — Glasgow  Herald. 

Our  Sick  and  How  to  Take  Care  of 

Them ; or,  Plain  Teaching  on  Sick  Nursing  at  Home.  By 
Florence  Stacpoole.  Fourth  Edition.  Paper  covers,  Is.;  or 
cloth,  Is.  6d. 

"Well  written  and  very  much  to  the  point.  The  book  will  be  valuable  to  anyone 
called  upon  to  perform  the  responsible  and  arduous  duty  of  nursing  the  sick."— British 
Medical  Journal. 

An  Address  in  School  Hygiene.  By 

Clement  Dukes,  M.D.  is, 

Cassell  & Company’s  COMPLETE  CATALOGUE,  con- 
taining particulars  of  upzvards  of  One  Thousand  Volumes, 
including  Bibles  and  Religious  Works , Illustrated  and 
Fine  Art  Volumes,  Children's  Books , Dictionaries , 
Educational  Works , History,  Natural  History,  Household 
and  Domestic  Treatises,  Science,  Travels,  Sfc.,  together 
with  a Synopsis  of  their  numerous  Illustrated  Serial 
Publications,  sent  post  free  on  application. 


p 


CASSELL  & COMPANY,  Limited,  Ludgate  Hill,  London  ; 
Tat  is,  New  York  Melbourne. 
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